Colour—just now very rightly giving place to the drab tones 


of the industry of- war — will be one of the most important features 


of the post-war world. Brilliant colours and pastel shades, the special 


cy 


province of Beetle moulding powders, will help to bring 
cheerfulness’ and gaiety into the brighter world of 
peace to which we all look forward. 


BRITISH INDUSTRIAL PLASTICS LIMITED 
I ARGYLL STREET, LONDON, w.I 
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In August, the extra hour of daylight  winter-lighting schemes adjusted to 
is lost to the industrial war effort, assist a still greater output, and Osram 
and techie, black-out hours increase will continue to be the choice of all 
alarmingly with the shortening days. who demand of their lamps really 


Preparations are being made for dependable service under all conditions. 


sr sec 


PRODUCT: 




















THE WONDERFUL LAMP 


Advt. of The General Electric Co, Ltd., Magnet House, Kingsway, London, W.C.2.| 
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THOMAS DE LA RUE & COMPANY 





Expansion in Every Sphere of Activity 





Future of Plastics 





The 47th Ordinary General Meeting of Thomas 
De La Rue & Company, Limited, was held in London 
on 2nd August. 


The following are extracts from the statement by 
Mr. B. C. Westall (chairman and managing director), 
circulated with the accounts :— 


I am very glad to be able to report continued 
expansion in every sphere of the Company's activities. 
The major part of the total profits (£311,629) 
derive from the parent company’s manufacturing 
acti es, which are now confined to Security Print- 
ing. The process of re-equipment of piant destroyed 
t the end of 1940 has continued and the additional 
machinery brought into operation during the year has 
enabled us to undertake an increased volume of 
business. Furthermore, the plant is dispersed in three 
different areas so that any complete stoppage, such as 
was brought about in the ear!y part of the war, is 
most unlikely to recur. The volume of business in 
hand compares favourably with that of a year ago, 
and the prospects for the- year ending March, 1945, 
are encouraging. 


THE MORE DISTANT FUTURE 

With regard to the more distant future, it does not 
seem unreasonable to hope that many countries of the 
world will look to Great Britain for their bank and 
currency notes and we do not anticipate that we shall 
fail to get a fair share of such business. 

The policy of transferring the Plastics and Sta- 
tionery business to separate subsidiary companies has 
been fully justified. 

De La Rue Stationers Limited, under the experi- 
enced guidance of the Managing Director, Mr. W. F. 
Wardley, has had, in ‘spite of the difficulties of the 
times, a very satisfactory year. New premises at 
Imperia! House, Regent Street, have been engaged as 
the headquarters of that Company with sufficient 
accommodation to provide for the expansion of 
business which we may expect when the war ‘s over. 
Until then, shortage of materiats will continue to 
restrict its activities. 


ONOTO PEN SERVICE 

We have received many .letters from members of the 
Forces praising the manner in which the Onoto pen 
has stood up successfully to very severe conditions in 
many parts of the world. Such tributes are 
encouraging signs for the future of our pen business 
when restrictions are removed. 

It has been a source of regret to us that we have not 
been able to supply the Trade with @ greater quantity 
of our playing cards. 


NEW PLASTICS COMPANY 
The process of reorganisation and consolidation of 
our subsidiary, De La Rue Plastics Limited, has been 
continued. The Directors found it desirabie to form 
a separate company, Scottish Plastics Limited, for 
the operation of the Scottish factory and business. 
This new company, which is a subsidiary of De La 


Rue Plastics Limited, will continue to manufacture the 
Onoto pens for De La Rue Stationers Limited. Its 
main objective, however, will be the deve:opment of 
Plastics in Scot:and. 

The Directors of De La Rue Plastics Limited have 
purchased Hammans Industries Limited, together with 
its associated concerns, and combining these with the 
Laminated Section they have formed a composite com 
pany named De La Rue Insulation Limited, of which 
Mr. J. Eerdmans has been appointed Managing 
Director. The growth in this section of our plastics 
business has been very rapid and this form of plastics 
manufacture is likely to have very considerable appli- 
cation in peace time. This material has definite 
advantages over. wood and as timber is likely to be 
in short supply for a considerabte time, steady expan- 
sion of the new company may be expected. 


HIGH LEVEL OF OUTPUT 

The output of De La Rue Plastics Limited, under 
the energetic drive of the Managing Director, Mr. 
H. P. Bridge, has continued at a high level. A very 
high percentage of the work has been for the Fighting 
Services. While a certain amount of dislocation is 
bound to occur in the change-over from war-time to 
peace-time production, we are fortunate in that a 
considerable number of moulds is available for imme- 
diate use. 


RESEARCH AND DEVELOPMENT 

The policy of eniarging the Research and Develop- 
ment Departments has been continued. During the 
war our activities have been restricted to finding new 
applications of plastics to war purposes. Even more 
could have been done had we been able to obtain 
sufficient technical staff with the necessary qualifica- 
tions for carrying out research. It is to be hoped 
that the Government will bear in mind the desir- 
ability of making availab‘e for industrial concerns at 
the earliest moment possible experts in chemistry and 
engineering, so that the groundwork for industrial 
expansion may be prepared in good time. In a com- 
paratively new industry such as plastics, research and 
development are even more important than in the case 
of the older-established industries. In our own case, 
the Board of De La Rue Plastics have many projects 
in view which must await the engagement of 
technicians. 


NEED FOR RELAXATION OF CONTROLS 

Speaking generally, the future expansion of our 
Plastics business will depend upon the speedy relaxa- 
tion of the system of controls. All Industrialists have 
realised the necessity for a strict control of raw 
materials in war-time, and in my view the Controls 
have functioned fairly and efficiently. Nevertheless, 
it is patent that a condition of affairs is unhealthy 
when one manufacturer is unable to acquire new 
plant because some other manufacturer has plant that 
is partially idle. Such procedure tends to subsidise 
inefficiency. It is to be hoped that the system of 
purchase of pliant by licence may be speedily abo‘ished. 
Until then I trust that Controllers may be directed 
not to withhold such licences in cases where it can 
be shown that no interference would be caused to the 
production of munitions. 
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HORDERN-RICHMOND LIMITED 
HADDENHAM + BUCKS 


PLASTICS AUGUST, 1944 


Tillis Russell + Coted 


MAKERS OF 


BODY PAPERS 


FOR THE 


PLASTIC 





AUCHMUTY & ROTHES PAPER MILLS 
MARKINCH, SCOTLAND 


LONDON MANCHESTER BIRMINGHAM 
I Tudor Street, E.C.4 372 Corn Exchange Buildings 116 Colmore Row 
Corporation Street 





Reg’d Trade Mark 














AUGUST, 


1944 PLASTICS 











Alice in Plasticland—No. 5 
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Alice i in the Flo Research Laboratories 


Rows and Rows of bottles. 


ouaeniine in a_ showcase. 
Regiments of Test Tubes... a 


What interest there is in plastics 


glimpse of the alchemy at the 
back of plastics. Alice stood and 
gazed into the Elo Laboratory. 
** What a lot there is behind the 
prosaic word plastics,’’ 

thought Alice. What a long 
road there is to travel from 
the laboratories to the 
finished product reposing 





when one takes the trouble to 
explore. ‘Still | built my 
reputation on curiosity’ thought 
Alice, ‘‘and even in modern 
times I look like keeping it.”’ 
Anyhow we’d better have a 
close-up of this section’’said 
Alice,and wandered medita- 
tively into the laboratory. 


PHASTICS 


Full reliable information and data from 
Research Section, BIRKBYS, Ltd., Liversedge, Yorkshire. 
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"HEE SILVER ROLLING MILLS LTD. 
EC eS Ae ae @ Wy Wa Oe ce 


TELEPHONE 51081 TELEGRAMS: IXION SHEFFIELD 


@® PPi 











from start to finish OUR PRODUCTS CAN SOLVE YOUR 





HANDLING PROBLEM 


CONVEYORS .ELEVATORS 
GOOD TOOLS & (PORTABLE OR FIXED) 


GOOD MOULDINGS CONVEYOR BELTS 


(WIRE MESH AND STEEL PLATE) 
CASE DEVELOPMENT CO. LTD 


KANGLEY BRIDGE ROAD MOBILE STACKERS 


SYDENHAM, S.E.26 
ALSO WIRE SCREENS OF ALL 
KINDS INCLUDING SPECIAL 
'NON-CHOKING TYPES. 











BRITISH WEDGE WIRE Co. Ltd. 


mould makers and 
plastic moulders WARRINGTON 


TELEPHONE WARRINGTON 66 
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As Celluloid Printers Limited we commenced, back in 1911, 
Ca by printing and engraving on celluloid, and you can take 

it as rothing less than the truth when you are told that there 
is very little we don’t know about this sort of thing. As we grew up 
and new synthetic materials came along, so we worked on them too. 
Today our printing and engraving departments work ALL plastic 
materials. 


al With our wide experience in printing and engraving we set 
about developing the fabrication and manipulation of all 
these plastic materials. The introduction of these new 
materials and the exacting requirements of the war quickly brought 
us to the point where we were able to manipulate and fabricate 
plastics of all kinds, in sheet, rod and tube. 











And thus a+ b= U-K! Or more precisely, Celluloid Printers 
Limited becomes U- K* Plastics Limited, an organisation that can 


print, engrave, manipulate or fabricate every kind of plastic sheet, 





rod or tube. Does that suggest something we can do for you? 


* 


7 U-K- PLASTICS LIMITED - KINGSTON BY-PASS - SURBITON - SURREY 
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Doing 
e 
the job! 


It is not always a question of metal 
substitution. Plastics correctly adapted 
may be the right material for the job. 
Save those machining operations. Have 
it moulded by :— 








SLOUGH, BUCKS Telephone: Slough 22349 








CIALISTS 


4 a e 
it Precision-production 


Quantity production of Aircraft parts and compo- 
ae nents machined from metals, alloys, etc., and more 
recently in Plastics, from rod, tube, sheet, etc: 














2) Manufacture of high-precision Jigs and Fixtures 
(excluding moulds) for mass-production operations 
and assemblies. 


Also, construction of Units in transparent Plastics 
for scientific research or industrial purposes. 


3] SERVICE. An excellent precision laboratory 
guarantees Quality to finest limits and gives facilities 
to assist new industrial development. 








AM RED PARTRIDGE & 60.0TD. 
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KPO RTS ERE 


ASHTON 
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REAL ACHIEVEMENT 


Sixty years ago the world was aware of a real 
achievement when the newly constructed 
Eddystone Lighthouse exhibited its beam for 
the first time. 





Nearly sixty years before that event, the firm of 
Kayser Ellison was established as experts in 
Special Steels, and, during the long period of 
industrial history since that time, we have been 
closely associated with many great International 
= engineering achievements. To-day the name 
K.E. is world famous for Special Steels for 
every purpose. 


.| KE-“STEELS 


49 











tc; 

me , K.E. 961 and other K.E. Special Steels for 
Mould Die Work—in Forgings or Bars, black 

- rolled or precision ground finish. 

ies ( KAYSER ( ELLISON § &CO. LTD.) 
CARLISLE STEEL WORKS, SHEFFIELD. EST. IN 1825 


London Stockists (except for Stainless Steels) : 
FARMER, STEDALL & CO., 145-157 St. John Street, Clerkenwell, E.C. 1. 
London Stockists for Stainless Steels : 


MACREADY’S METAL CO. LTD., 131-135 Pentonville Road, London, N. 1. 
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The story of the BEKEN “DUPLEX” 
Mixer tells of that rare achievement .. . 
the perfect mix! No longer is it necessary 
to be content with the customary glorified 
“stir’’; the scientifically de- 

signed irtermeshing blades 

of the BEKEN achieve a 4 
perfect mix, with the 
correct proportions of the 


S 


DUPLEX 


Distiibe tors * lL AVI he 0 ( a) * 1) 0 TY) LT D. Chew 


103, KINGSWAY, LONDON.W.C.2. 


vos? Es.HUNT&CO..LTD. 


ROAD, BARKING, 


RIPPLE 
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ingredients ... however diverse . . . main- 
tained throughout. And it is all done in less 
time and at lower power cost! There is a 
BEKEN Mixer to suit every process and 
any output. Write us on 

your own mixing problems, 

and we will tell you the 

type of machine to do your 

S$ job better than ever before. 


ESSEX. 





Y Cr \/ a) Ss 
BUTT ERFLYABRAND) 


SAMUEL JONES: C°L? 


16/17 NEW BRIDGE ST-EC4 cent 6500 








PHOTO 


© CREATIVE © ADVERTISING « 


© CREATIVE © ADVERTISING @ 
ICAL © CREATIVE © ADVER' 








WANTED-STOCKS for CASH 


E are cash buyers of merchandise of 
every description. Clearance Stocks, 
Discontinued Lines, Surplus Stocks, in 
fact, goods of all kinds can be disposed of 
through us, without delay, on the most 
favourable terms, and without trouble. 
HOULD you have anything for disposal, 
either now or at any future time, please 
send us samples, full particulars and price 
on a cash settlement basis. 


RELIANCE TRADING COMPANY, 
13, New College Parade, 

Finchley Road, 

LONDON - N.W.3 
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CHIs MAY 
BE THE 

SOLUTION TO 
YOUR PROBLEM 


Here are some examples of the manner in which Ferobestos, 
the hard-wearing laminated plastic, has helped ta solve 
various industrial problems. Perhaps Ferobestos can help 
you too? 


Do you need a plastic that will withstand high tempera- 
tures; that is chemically resistant to all but the 
strongest acids and alkalis; that can be lubricate! 
by oil, water or aqueous solution; that has valuable 
electrical insulating properties which render it particu- 
larly suitable for outdoor applications—a plastic that 
is laminated ? 

If so it will pay you to look further into Ferobestos 
with its unique qualities. This plastic can, of course, 
be moulded to special requirements or obtained 
in rod, tube or sheet form. Fuller information 

on request. 


Pitts Pudete 


MADE BY FERODO LIMITED. CHAPEL-*-EN-LEBE-FRITB 
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MR WAS 
/\ PROBLEM! 












cee: on eee ee ee 
9, Gayfere St. Westminster, London. S.W.I. 
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A fabric plastic bush required to 
be lubricated. Oil and grease were, 
of course, unsuitable, in addition 
to which a wide range of tempera- 
tures had to be withstood. The 
answer to the problem was a thin, 
adherent, slippery film, formed 
with “ dag” colloidal graphite in 
acetone. It was extremely simple ; 
it was highly efficient. 


COLLOIDAL 
GRAPHITE 









RATUBE & WIRE ‘LTD. a 
cs, ROAR, FELTHAM, MIDDLESEX. (8 





PEBBLE #01855 


















For the grinding of 
all kinds of Powders, 
Chemicals, Minerals, 
Colours, Paints, Enamels, 
etc. Supplied lined with 
hard Porcelain, Silex or special 

linings, and can be insulated to suit 
particular classes of work. 

Send for our free illustrated literature. 


STEELE & COWLISHAW, LTD., 
Engineers 
COOPER STREET, 
HANLEY, STOKE-ON-TRENT. 
London Office: 329, High Holborn, W.C.1 
Telephone: Holborn 6023. 


Heahly +t é Conlaty's Juporionee in Granny 





(Dept. No. 27), 
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Because you’re the boy we’re working for 
to-day, bless your good heart. You’ve got things 


more urgent than pressure die-castings to think 


about. Perhaps you ’ve never heard of them. . 


But you’re certainly using them. There ’s 
hardly one single bit of equipment, hardly a 
weapon, certainly not one single vehicle 

in the Army that doesn’t include die-castings. 
Pressure die-casting helped us to turn out that 
stuff quickly when you badly needed it. It 
helped us to turn it out in the vast quantities 
that our growing armies 


called for. May your 





equipment serve you well. 


xiii 





PPP PPPS SSIS SIS SIS 


To-day all our time and 
skill is given to the equipping 
of our fighting men. We’ll 
gladly talk of how we can 
serve your post-war needs ; 
but please don’t ask us 
to do much about it just yet ! 


British Die Casting Co. Ld., Pembroke Works, Pembroke Rd., London, N.1o. "Phone : Tudor 2594/6. 





C.R.C.4 





xiv 





LIQUID 
CONCENTRATES 


GREATER 
ECONOMY 


and 


CONVENIENCE 
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X-RAY FILM PROCESSING CHEMICALS 


EASIER, more convenient to mix—you simply pour these 
liquid concentrates into your tanks and add water. 
SPEEDIER film processing—development in 3 minutes at 
68°F. and fixing in less than1 minute. Alternatively you can 
reduce x-ray exposures by 20% to 25% to conserve tube life. 
ECONOMICAL—longer-lasting Supermix solutions will pro- 
cess up to 75% more films than with conventional powder 
chemicals. And, of course, Supermix development will ensure 
the utmost in film contrast, density and diagnostic detail. 


PRICES 
Developer: Fixer: 
To make 1 gall... ox: ae To make 1 gall. ., .. 5/6 
oo 0 2 és . (UN/- o 2a re a 
» 5S » “3 ss l= i ae ae -. 23/- 


VICTOR X-RAY CORPORATION LTD. 


15-19, Cavendish Place, London, W.|! LANgham 4074 


BIRMINGHAM BRISTOL GLASGOW MANCHESTER DUBLIN 
BELFAST EXETER LEEDS SHEFFIELD NOTTINGHAM §LIVERPCOL 








Moulding the Future 





Cornercroft are progressive ; e ye 


to their old experience of 
precision workmanship in 
tools and dies they add their 
modern knowledge of the 
possibilities of plastics in 
engineering and the arts. 


Entrust your die and mould 
problems to Cornercroft ; 
we can help considerably 
from our wide experience. 


CORNERCROFT (PLASTICS) LTD. 





subsidiary of Cornercroft Ltd ACE WORKS, COVENTRY 


CPL.2 


_—— 





-_ 
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A MANUFACTURING SERVICE NOW 


for the production of articles from 


PLASTIC MATERIALS 
(Including Rubber and Synthetic Rubber) 


We are able to devote to priority work part of our expanded 
manufacturing facilities for the production of certain plastics. 


The service which we offer is comprehensive, including : 
FIRST-CLASS TOOL DESIGN AND MANUFACTURING SERVICE - CARE- 
FULLY PLANNED PRODUCTION - QUALITY CONTROL BY A HIGH 
STANDARD OF INSPECTION 


Advice based on experience is at your disposal. You are 
invited to submit particulars of work which you require, 
immediately, confident of our full co-operation. 


LORIVAL PLASTICS 


SYNTHETIC RESINS - RUBBER - NEOPRENE - GR'S - EBONITE 
POLYVINYL CHLORIDE - BITUMEN - LORIVAL A. 


Mouldings - Castings - Extrusions - Sheet - Rod - Tube and Hand Built Products 


UNITED EBONITE & LORIVAL LTD - LITTLE LEVER - NEAR BOLTON - LANCS 


Telephone: FARNWORTH 676 (Four Lines) - Telegrams ‘EBONITE’ LITTLE LEVER. 
L3b 
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 « Moments t/az Matter . . 


“FIRE!” 


The ground leaps, the world is 
lit with a lightning-glare, and 
a deadly missile is hurled at 
the sky raider. Mouldings are 
playing their part in A.A. de- 
fence. Whenever we 
hear the night barrage 
we are glad we put our 
utmost into the design 
and manufacture of our 
products. 


For 








wx KENT. MOULDINGS c= 


False SO ew  pemaneous: auieeka Gh taconite Kolsterphone, 


_ FOOTSCRAY, KENT _— 


LEAD & ANTIMONY 


HESE metals are under Government Control. Their use is permitted for 
Efe and approved purposes against licence obtained by the manufac- 
turers. The following are some of the high quality Lead and Antimony 
products we manufacture, and which, in their respective spheres, are as 
perfect as scientific research and long manufacturing experience can make them. 

















WHITE LEAD : RED LEAD : ORANGE LEAD : LITHARGE 
SULPHIDES OF ANTIMONY : WHITE METALS 


and other Low Melting Point Alloys 
in Ingots, Castings and Extrusions 


Associated Lead Manufacturers, Ltd. ( 


L 5 
emoracing 

The Cookson Lead and Antimony Co., Ltd.; Walkers, Parker and Co., Ltd. * 
Locke, Lancaster and W. W. and R. Johnson and Sons, Ltd. 

Foster, Blackett and James, Ltd. a 














Limpsfield Court, Oxted, Surrey. | Crescent House, Newcastle-on-Tyne. | Lead Works, Chester. 
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\ Steel clips, bronze clips, / 
=< stainless clips, big clips, 
»| little clips, wide clips, 

narrow clips, in fact 
clips in every conceiv- 
able shape and size. 


Illustrated here—among others \ ° 
“7 —are two of our stock patterns, 

/ 80 and 81, made in a range of sizes 
-/ to grip from }” to 1}’. 

Maybe a clip of special shape would be \ 
necessary for the job you have in mind. | “== 
Well, we can help you because we make | 
clips for hundreds of uses, including war } ~~ 
purposes. We can make to print or speci- | — 
fication, or our Research Department 
will design for you. Our knowledge of 
clips has advanced side by side with our } 
88 years’ spring-making experience, and /» 
we should like to send you our war. 
time catalogue. 


































6 doz. ass. sizes 

No. 80 and 
81 clips. 
“4112/6 (Sub.) FF: 


* 
and a rt —-> Sole Makers: ™C3 
ls ae HERBERT TERRY & SONS LTD., REDDITCH 
fo order. London — Birmingham a 


Maucheste- 
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SPICERS 
FOR 
PAPER — 
FOR 
PLASTICS 


19 NEW BRIDGE STREET 
LONDON, E.C.4 


Use THE MASSON’ 
ROTARY CUTTER 


The Masson Rotary Cutter 
ae R reduces all kinds of Plastic 
Materials and_ synthetic 


é . \ [) | NG rubber to uniform granules, 
with complete freedom 

from dust. Any degree 

Pl a S T C S of granulation obtainable. 


LOW H.P. HIGH OUTPUT 











BLACKFRIARS ENGINEERING COMPANY LTD 


BLACKFRIARS HOUSE, NEW BRIDGE STREET, LONDON, E.C.4. TEL.: 6383 











What-no set screws? 
ses That's right we sav 
dp it fue saw 


Vacuum .Chuck it, you mean, we continued — 
that’s the only possible solution to the problem of 
holding components for machining without dis- 
tortion and with absolutely accurate location. 
Moreover, we went on, rubbing it in, with the 
Vacuum Chuck it is possible even in mass pro- 
duction to hold to “tenths where previously it 
was a problem to hold ‘thous’. Perhaps we can 
design and make a Stationary or Rotary Vacuum 
Chuck that will solve some particular production 
difficulty in your factory? Gib precision for 
industry has the tools, the staff, the daring and, we 
believe, the hai py knack of coping successfully 
Cy) ticklish jobs. 


CB vrccision 


for INDUSTRY |... adi ibis Sacto ae'Slitinn sdithids 


7 Wy , f distortion. 
2 Maintains the closest possible degree of accuracy 
naohwwm in machining up to tolerances of -"0002”. 


B. G. (London) Led. 17-19, Stratford Place, Oxford St, London, W.1. . makes t unnecessary Spamunes tale anode 


previous 
Works: Lewis Lane, Cirencester. Tel: Cirencester 434. 


ROSSELLS 


(ESTABLISHED 1845) 


HIGH GRADE STEEL MANUFACTURERS 


FOR NEARLY A CENTURY 








DIE STEH 


PRESB ERLOLINS 
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WE’VE ALL MET the customer who expects a cup to 
bounce when it’s made of Plastics but who shows no surprise when one of china 
comes to grief under similar treatment. The remedy for this attitude of mind lies 
in a better knowledge of the uses and abuses of plastics. Advertisements by Bakelite 
Limited and others in the industry are doing much to educate the public. The 
moulder, for his part, can safeguard himself by using only the correct grade of 
powder for the job. The range of Bakelite moulding powders continues to grow. 
It may be that in the newer grades is a powder more fitted for the work in hand — 
one that will provide our critical customer with the physical characteristics he 
needs. Bakelite Technical Staff will give every possible help. The fewer boomerangs 





the better for the Industry. 
BAKELITE © PLASTICS 
Pioneers in the Plastics World _ Ll 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.I 
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EDITORIALS 








Plastics and 


id has always been our belief that if you 
work hard enough on a _ material 
chemically and physically, you will find 
out something new about it. We have 
also reiterated ad nauseam and to the 
disgust of many of our readers that there 
is not enough industrial research done in 
this country. 

Our interest in this direction has sud- 
denly been awakened by the announce- 
ment that the Dow Chemical Co. of 
Midland, Michigan, is producing styrene 
dibromide in bulk and that it is used as 
an ingredient in a specially formulated 
corn worm control. It is a solid insoluble 
in water, soluble in organic solvents, and 
has a melting point of 71 deg. Centigrade. 

Now styrene dibromide may or may 
not be an entirely new material—we 
haven’t taken the trouble to look up our 
Beilstein—and normally almost one of 
the first things an organic chemist does 
to an unsaturated compound like styrene 
is to treat it with chlorine, bromine or 
iodine so that it is likely that styrene 
dibromide was first made a long time 
ago—and forgotten. The compound can- 
not be polymerized into a plastic and 
should not be confused with polybrom- 
styrene. 

The interesting bit about its appearance 
on the market is the fact that Dow’s, who 
make styrene and a very fine polystyrene 
for the plastics industry from it, has the 
kind of mind that looks round corners 
and the inquisitiveness and ability that 
can apply one bit of information to new 
uses. 

It may seem curious that styrene 
dibromide should even be thought of as 
being useful as an insecticide. It may 
be the result of accident or past experi- 
ence. The main thing to realize is that 
in the U.S.A. and also in Germany there 
is an attitude of mind among scientists 
lacking in this country. The science-to- 
industry link is comparatively weak. 
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Insecticides 


Generally speaking, a manufacturing 
company in this country devoted to 


plastics is not interested in producing 
anything else but plastics, perhaps on the 
assumption that it is only possible to do 
one thing well. There is a fallacy in this 
argument we are sure. The trouble is 
that there are very few scientists here who 
know much about what is required in 
industries with which they are not directly 
connected and have little desire to 
acquire that knowledge. 

Styrene dibromide, which we take only 
as an example, may be a strange material 
for a plastics concern to handle, but 
apparently there’s money in it. If it 
turned out to be a good fire extinguisher 
or a medicinal soporific, as well it might, 
we still think it is up to the plastics con- 
cern to do the research and to develop 
it industrially, although not necessarily 
through its own immediate organiza- 
tion. The plastics concern should know 
everything about their raw nilaterials, 
whether they result in plastics or not; 
not only for the sake of science but for 
the sake of industry, which means the 
welfare of the country. 


Hygienic Plastics 
FoR many years past there have been 
attempts, most laudable in their objec- 
tive, to obtain plastic films, sheets and 
moulded objects which could reasonably 
be considered as bactericidal and fungi- 
cidal. It is well known that paint manu- 
facturers have long made this attempt, 
and, it is claimed, with fair success. The 
object is, of course, to provide hospitals 
primarily. and houses and factories gener- 
ally, with surface walls that accord with 
the highest principles of hygiene. 

Where plastics and the sheet variety, 
laminated or otherwise, possess a pre- 
liminary advantage, is their smoothness 
of surface on which dirt clings less 
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strongly than non-polished surfaces and 
the ease with which such surfaces can be 
kept clean. 

In the early days of the industry it was 
claimed that the presence of phenol and 
cresol imparted a high bactericidal value 
to sheets and moulding. While there is a 
stratum of truth in this, excess phenol 
could indicate a poor moulding and 
besides, phenol is not only somewhat vola- 
tile, but has a very low bactericidal value 
compared with modern germicides. More 
recent additions to obtain better effects 
included the higher phenols, thymol, 
chlor-thymol, and the like. 

The news that dichlor-dipheny]l- 
trichloroethane has been rediscovered to 
be a remarkable insecticide will no doubt 
cause certain plastic and paint manufac- 
turers to include this compound in their 
mixes in addition to bactericides. 

Dichlor-diphenyl-trichloroethane is a 
white, sweet-smelling powder, which is 
death to any insect. It is also entirely 
harmless to man, so it is claimed, 
although, from its chemical composition, 
we should have thought that it was rather 
toxic. It is amazingly so to the mosquito, 
to typhus-bearing lice and other insects, 
the substance having been found invalu- 
able to our troops in Italy and the Pacific. 
An epidemic of typhus in Naples was put 
out “‘like a light.” 

It is to be hoped that mixed with plas- 
tics or plastic films it would still retain its 
lethal properties. 


University Research Fellowships 
Announcement by the Directors of Imperial 
Chemica] Industries 
The directors of I.C.I. have offered to 
provide at nine universities in Great Britain 
Fellowships to be held by senior workers in 
certain sciences. The scheme is announced 
to operate for an initial period of ‘seven 
years. The Fellowships will be of the aver- 
age value of £600 per annum, though the 
universities will have power to determine 
the emolument for each particu:ar appoint- 
ment. The directors of I.C.I. have described 
on broad lines the subjects in which the 
Fellowships are to be held and the adminis- 
tration of the scheme rests wholly with the 
universities, which will select and appoint 
the Fellows, subject only to such conditions 
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as to duties and tenure as the universities 
themselves impose. 

The purpose of the directors in instituting 
this scheme is to strengthen the general pro- 
vision in the British universities for scien- 


tific teaching and research. The directors 
believe that academic and _ industrial 
research are interdependent and complemen- 
tary, and that substantial advances in 
industry cannot be looked for without cor- 
responding advances in academic science. 

In their view, it is important that the imme- 
diate objective should be the strengthening 
of university scientific departments in what- 
ever way each university thinks to be best. 
No conditions whatever are attached by the 
directors to the tenure of these Fellowships. 
The Fellows will be members of the univer- 
sity staffs and will be concerned only with 
the duties laid upon them by the universi- 
ties. . Their primary work will lie in 
research. But they must also take some 
part in university teaching. It is intended 
not to relieve the universities from the cost 
of maintaining any part of their normal 
work, but to enable them to add to what 
they already do. 

The universities to which this offer has 
been made comprise the larger metropolitan 
universities, and those which have a close 
geographical relation to the main centres of 
the company’s production. Twelve Fellow- 
ships have been offered to the Universities of 
Oxford, Cambridge and London, eight to 
the Universities of Glasgow, Edinburgh, 
Manchester, Birmingham and Liverpool, 
and four .to the University of Durham. 

The directors believe that a rational 
policy of this character, together with a 
wise selection of men, both as regards 
capabilities and tenure of office, will lead to 
the emergence of a body of men capable of 
taking high academic or industrial positions, 
thereby advancing academic and industrial 
research. 





NEW BOOK 


Varnish Constituents, by H. W. Chatfield, 
Ph.D., B.Sc., F.R.I.C. Published by 
Leonard Hill, Ltd. Pp. 496. Price 35s. net. 

We suppose it is within the memory of 
hundreds of workers in the paint industry 
when each and every component in varnish 
and in paints came from natural sources. 
What a revolution has come over this com- 
plicated and now scientifically controlled 
industry! While linseed oil still rules the 
roost, and tung oil (when it can be obtained) 
is still without compare for special jobs, 
synthetic resins have laid a deep impress on 














modern production, plasticizers have 
appeared in their hundreds and new driers 
and diluents, very different from the old 
type of inorganic compounds and the staple 
turpentine, are now being widely used. Even 
synthetic drying oils are being carefully 
examined by the industry. Chemicals 
which impart special effects are legion. 

With this deluge of new materials and its 
continued increase it is high time that their 
systematic examination and correlation were 
placed in book form. 

Dr. Whitfield, who is departmental 
manager to Messrs. Jenson and Nicholson, 
Ltd., the famous paint and varnish manu- 
facturers, has carried out this work in a 
manner that deserves the especial thanks of 
the varnish-making industry. If we apply 
the somewhat overworked word ‘‘ unique ’”’ 
to this book, it is because we have not 
hitherto encountered so technical a volume 
that is at once simple and pleasing to read 
and yet appears to our mind to cover all the 
modern developments in this sphere. 

The plastics industry, too, will be grateful 
to Dr. Whitfield, not only because the 
varnish industry has become one of its most 
important customers, but also because of 
the wealth of information contained in the 
book on the production of phenolic resins, 
modified and unmodified, and their incor- 
poration into oil, of maleic resins, 
coumarone, urea-formaldehyde, melamine, 
polystyrene, polyvinyl and polyvinal acetal, 
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polyacrylic and polymethacrylic resins, their 
application and special uses. 

A special section of the plastics industry, 
namely, that engaged in sheet and film pro- 
duction, will find in the author’s careful and 
detailed exposition of the use and effect of 
plasticizers and modifying agents, such as 
the chlorinated diphenyes, synthetic waxes 
and so on, of great help in their work. 

This is an invaluable book. 





London and Fly-bombs! 
(Tribute from ‘‘ The Manchester 
Guardian ’’) 
‘‘ A fly may sting a horse and make him 
wince, but one is an insect and the other 
still a noble animal.—(Anon.)’”’ 





The following is another note from ‘‘ The 
Manchester Guardian ’’ which we hope will 
be appreciated by every Briton:— 

‘*For us Anglo-French friendship is a 
matter of life and death, both material and 
spiritual: Western Europe can know no 
security and Western civilization cannot 
flourish without a deep and lasting partner- 
ship between England and France. And 
there is something more. Of all the coun- 
tries now fighting Germany, only Eng.and 
and France did not wait to be attacked, but 
entered the war voluntarily for the freedom 
of others. War will lose its meaning unless 
at the end the representatives of England 
and France stand side by side as equa's.”’ 








LET US LAUGH 


AT OURSELVES 





«After the second house beyond the polystyrene you'll | 
come to a two-storey phenol-formaldehyde—that’s it.” 


(With acknowledgments to the F.M. Dodge Corporation ** Record,” U.S.A.) 
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Synthetic Resins in the 
Surface-coating Industry 


By C. I. PHILLIPS, B.Sc., A.R.I.C. 


(Berger Plastics Development, Ltd.) 


i is perhaps not generally realized by 
those engaged in the plastics moulding 
industry that the discovery of new resins 
primarily intended for the production of 
moulded articles has, within the last few 
years, greatly influenced the direction of 
progress in the surface coating industry.! 

Paint binders or vehicles have been 
continually modified as our knowledge 
has increased about the way in which the 
film protects the material to which it is 
applied, and the latest discoveries in other 
fields have been applied to improving this 
film and its efficiency of protection. Of 
all the industries which have been 
‘‘ co-opted ’’ by the paint trade, none has 
had such influence as the plastics 
industry. 

In order to see how this has come 
about it is necessary to consider briefly 
the trend of vehicle development in paint 
technology in the past. 

The early vehicles were simply solu- 
tions of raw or treated drying oil in a 
solvent, such as turpentine. They gave 
films of fair gloss and durability but of 
poor water resistance and very slow rate 
of drying. 

Early Natural Resins 


The first advance was the introduction 
into the oil of various oil-soluble natural 
resins, such as colophony or copal, which 
resulted in greatly improved gloss and 
drying time proportional to the resin 
content. 

Most work, until very recent times, was 
concerned with the evolution of new 
resins which were soluble in such drying 
oils as linseed oil and also soluble in the 
inexpensive solvents used by the paint 
trade. Such resins were used in var- 


nishes always in conjunction with a 
relatively large amount of drying oil. 

A new stage in the evolution of the 
varnish was reached when oil-soluble 
synthetic resins were placed on _ the 
market. One of the first was the type 
evolved by Albert and Behrend,? who 
first formed the phenol-formaldehyde 
resin in the normal manner, and then 
““ modified ’’ them by heating with oil- 
soluble natural resins. Hard resins were 
formed of good oil solubility, but of 
limited durability and of poor colour 
retention. 


First Synthetic Resins 

By resinifying specially selected phenols 
with formaldehyde, synthetic resins were 
produced which were oil-soluble without 
any special modifying treatment. Such 
phenols? were of the para substituted 
type, for example, p. tertiary butyl 
phenol. It is to be noted that the amount 
of yellowing in sunlight undergone by 
such resins was very much less than the 
modified resins, probably because the use 
of the para substituted phenols prevents 
the formation of para quinonoid com- 
plexes which could act as chromophore 
groups in the production of colour. 

The resins which up to the moment 
have found their greatest use in the paint 
trade are the alkyd resins. Since their 
commercial introduction in the decade 
after the last war, the use of such resins 
for varnish making has grown enor- 
mously, and the quantity of alkyds now 
made for the paint trade exceeds the 
quantity of phenol-formaldehyde and 
urea-formaldehyde resins made for the 
moulding industry. 

D 
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These alkyd resins are produced by the 
condensation of polyhydric alcohols with 
polybasic acids. Thus, when equivalent 
weights of phthallic anhydride and glycerol 
are heated together, water is eliminated 
and a fusible resin is first produced. If 
the heating is continued gelation occurs 
at a stage corresponding to 80 per cent. 
esterification. 

If the reaction is stopped before gela- 
tion occurs, a brittle resin is formed 
soluble in acetone. Such solutions in 
acetone were the first alkyds to be used. 
Films from these varnishes should be 
stoved off by the application of heat, to 
the insoluble, infusible state and found 
their main use in the impregnation of 
electrical coils, as, unlike phenol-formal- 
dehyde resins, they do not suffer the 


disadvantage of ‘‘ tracking.’’ The con- 
version of the fusible 
film to the infusible — CH — CH: — 
state is accomplished | 

Cs Hs 


by heat and is a 
relatively slow process. 

The majority of 
alkyd resins now used in the paint 
industry are the oil modified type. 
These are produced by several methods, 
of which the principle is to substitute part 
of the poiy-basic acid with a vegetable 
vil acid, particularly one derived from a 
drying oil, such as linseed. Resins pro- 
duced by this method give films which 
will further polymerize in the air at room 
temperature by the oxygen induced by 
polymerization of the unsaturated 
radicals. 

Trend of Research 

The trend of alkyd research resolved 
itself into a search for resins which could 
be converted more rapidly than the 
already existing types and which would 
give tougher films of enhanced dura- 
bility.. Thus, from the preparation of 
resins from glycerol and _ pthallic 
anhydride, interest turned to other poly- 


functional acids and alcohols. The use 
of the tetra functional base penta- 
erythritol, containing four primary 


hydroxyl groups of very considerable 
reactivity, enabled resins to be prepared 


in’ a shorter time which stoved in a 
t 
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greater degree of cross linking in the con- 
verted form. Polyfunctional acids, such 
as citric acid, were also used. 

With the introduction of polyvinyl 
alcohol, another polyfunctional alcohol 
was added to the list. The reactivity of 
this material can be adjusted to prac- 
tically any desired value either by the 
complete hydrolysis of suitably selected 
molecular weight polyvinyl acetate or by 
the hydrolysis of the latter under con- 
trolled conditions of alkalinity so that 
only the desired number of hydroxyl 
groups are introduced into the molecule. 
Similarly, polyfunctional acids of any 
desired functionality may be prepared, 
for example, by co-polymerizing styrene 
and maleic anhydride. The resulting 
resin is believed to be composed of 
alternate styrene and maleic units. 


CH —CH —CH— CH: J|—CH— CH— 


| 
CO CO CGH: co CO 
y fe al 
n 


It is only within comparatively recent 
times that research has been directed to 
the formation of surface coatings almost 
entirely composed of synthetic resins 
which do not have to be incorporated 
with vegetable oils to obtain flexibility 
and durability. In such cases the film is 
produced by an entirely different process. 
Instead of the solvent evaporating off to 
leave a more or less liquid film which 
requires oxygen to enable it to slowly con- 
vert to the solid form, as was the case 
with previous film formers, the film is 
deposited in its final hard state imme- 
diately the solvent evaporates. 

The first of these new materials were 
the nitrocellulose lacquers. These yielded 
films of great hardness and extreme speed 
of drying, but which suffered, however, 
from poor gloss and necessitated the use 
of expensive and odorous solvents. 

Much work has now been carried out 
to perfect other synthetic resins of this 
type which require no further chemical 
processes to attain their full hardness. 
It has long been realized that the newer 
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thermoplastic resins offer many attrac- 
tions to justify their use in surface coat- 
ings,4 such as their paleness of colour and 
their very excellent non-yellowing pro- 
perties, and their high degree of chemical 
resistance. However, if the resin is 
suitably plasticized and formulated into a 
varnish it is found that, on exposure, 
crazing soon develops and the film rapidly 
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soluble in inexpensive solvents and pro- 
ducing films of greater flexibility. The 
usual preparation of butyl methacrylate is 
from methyl methacrylate by a process of 
ester interchange. The methyl metha- 
crylate is heated with butyl alcohol in the 
presence of sodium methoxide as 
catalyst.6 Methyl alcohol is then distilled 
off. 


CHe : C. (CHs) COO CHs + BuOH > CH2 : C. (CHs) COO Bu + CHs OH 


breaks down. Such resins, however, find 
application in rather specialized coatings, 
such as ‘‘ stopoff ’’ lacquers in electro- 
chemical plating, where varnish is 
applied to that part which requires no 
depositions. 

Another disadvantage of varnishes 
made from these resins is their very high 
viscosity at low solid concentrations 
owing to their high mean molecular 
weight. It has, however, been found 
possible to use the newer thermoplastic 
resins either by the chemical modification 
of the parent monomer, or by co-poly- 
merizing it with substances which confer 
advantages on the resulting resin and 
makes it satisfactory for use in the paint 
trade. In general, such modifications are 
designed to give low mean molecular 
weight in order that the viscosity should 
not be too high and should confer 
solubility in the cheaper solvents. 

Thus the viscosity of rubber solutions 
are very high, and films produced from 
them have poor durability owing to 
oxidation at the double bonds present. 
However, if the rubber is chlorinated the 
solubility of the resultant product is 
improved and the films are of greater 
flexibility and durability owing to the 
lessened unsaturation of the rubber 
molecule, which corresponds to lessened 
chemical reactivity. 


Polyacrylate Resins 
The polyacrylates have also been 
utilized for the newer surface coatings. 
Whilst polymethyl methacrylate is 


unsuitable, due to its brittleness and high 
viscosity in solution, polybuty] metha- 
crylate was found to be much more suit- 
able as a surface coating medium, being 


It can be readily seen that instead of 
butyl alcohol one of the higher alcohols, 
such as oleyl alcohol, can be _ incor- 
porated, and by this means an 
‘* internally ’’ plasticized resin is obtained 
which possesses the advantage over the 
simple addition of plasticizer in that the 
evaporation of the latter is prevented and 
better stability and durability of the 
system is gained. 


Polystyrene Resins 

Polystyrene resins have also been 
utilized for the production of surface 
coatings, but so far only to a limited 
extent. Polystyrene of molecular weight 
30,000-40,000 will form varnishes of very 
excellent chemical resistance, and which 
are very light stable, but the films are 
brittle and of poor durability, and as 
solutions are highly viscous. Low mole- 
cular weight grades produced by the 
introduction of a light stable phenol into 
the reaction mixture produced more suit- 
able lacquer components. 

It is interesting to note in this connec- 
tion that drying oils are finding new and 
interesting applications as modifying 
ingredients. Thus, both methylacrylate 
and styrene have been copolymerized 
with a small proportion of certain drying 
oils* to produce interpolymers which, 
amongst other applications, are suitable 
for the formation of varnishes. Such 
oil-modified polymers are usually of much 
lower molecular weight, since the oil 
appears to combine with the growing 
polymer chains, and thus to curtail the 
chain lengths. Solutions of such resins are 
hence much less viscous and the films 
more flexible. As used in copolymeriza- 
tion techniques, drying oils would appear 
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to confer interesting possibilities of 
obtaining cross-linked polymers of the 
styrene divinyl-benzene type. 


New Resins and New Techniques 


Nylon has been a recent addition to the 
list of synthetic resins. Its use so far in 
varnishes has been largely limited to coat- 
ing wires from a solution of the resin in 
hot phenol or formamide. It is obvious, 
however, from the published literature 
that vigorous attempts are being made to 
extend the use of this very valuable 
thermoplastic material and the principle 
upon which it is based. 

Some use has also been made! of the 
cold-hardening phenol-formaldehyde and 
urea-formaldehyde syrups. The advan- 
tage of such varnishes is that the resulting 
film, although it has not been stoved, has 
all the properties of the thermo-hardened 
film as regards chemical stability and 
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perature of the heated zone must be held 
to close tolerances, which vary for 
different resins. 

As has already been explained, all 
former varnishes contain the film-forming 
material dissolved in a solvent which is 
finally completely lost and which con- 
tributes no part to the final film. It would 
seem that future work must include the 
aim of dissolving the resin in a solvent 
which will itself polymerize at room tem- 
perature and would therefore form part 
of the final film. A considerable saving 
in cost would result, and the obnoxious 
smell of many solvents might also be 
eliminated. Some work on this problem 
has already been done, using Thiokol and 
allyl maleate. Thiokol, which is ethylene 
polysulphide, is made by _ reacting 
ethylene chloride with sodium _poly- 
sulphide with the elimination of sodium 
chloride. 


— CH. — CHs — S — S — CH2 — CHa — 


Cl CHa CHe Cl + Naz Ss 





> 


water resistance. They can thus be used 
wherever it is impracticable to convert 
the resin by heat, such as on sensitive 
veneers. 

More use is now being made of the 
processes for coating articles with a resin 
film by means of various types of heat 
guns. The principle is to conduct a fine 
stream of powdered thermoplastic resins 
through a zone heated in some manner 
(usually by gas or electricity) so that the 
resin is softened. The blast of softened 
resin is now directed on the article to be 
coated and a coherent adhesive film is 
produced which requires no further treat- 
ment and can be handled immediately. 
With some resins a ceriain amount of 
depolymerization occurs, and the tem- 


ll ll 
5 + 2NaCl 


It has now been established that if the 
resin is dispersed in ailyl maleate, a 
reaction occurs between the double bonds 
of the allyl group and the sulphur 
linkages with the production of a new 
solid resin, which is insoluble and 
infusible and hence cross-linked. It is 
reasonable to suppose that other com- 
binations of resin and polymerizable 
solvent will be evolved and should hasten 
the new _ solventless era in _ surface 
coatings. 

BIBLIOGRAPHY 

(1) D. H. Hewitt ; “* Plastics,” 1944, VIII, 80, 

pp. 40-43, 50. (2) German Patent 254,411. 
(3) British Patent 334,572. (4) F. Armitage ; 
**Paint Technology,”’ 1943. VIII, 89, pp. 69-70. 
(5) United States Patent 2,129,662. (6) United 
States Patents 2,190,906 and 2,190,915. 








Waterproof Covers for Firearms 
An interesting application of polyvinyl 
chloride-acetate co-polymer sheet is described 
in the June, 1944, issue of ‘‘ Modern Packag- 
ing.’’ In order to provide a completely 


waterproof casing for the rifles of assault 


troops landing through seas and rivers, the 


arms are entirely encased in a very loose 





sheathing of the material suitably _ heat- 
sealed. There is sufficient air enclosed to 
enable the weapon.to float if dropped in the 
water and the covering is thin enough to 
enable the soldier to fire the rifle without 
removal of the casing. The film is Lumarith 
V.N., made by the Celanese Celluloid 
Corporation, 








“wo ma > Tr 


ald 
for 


all 
ing 

is 
on- 
uld 
the 
ent 


art 
ing 
ous 


lem 
und 
ene 
‘ing 
dly- 
um 


the 


nds 
yhur 
new 
and 
t. 16 


able 
ten 
‘face 


411. 
lage ; 
9-70. 
Inited 


heat- 
ed to 
in the 
gh to 
ithout 
narith 
uloid 








AUGUST, 1944 


PLASTICS ; 359 


Diamond Tools for Plastics 


Discusses the General 
Merits of Diamond as 
a Cutting Medium, 
Especially for High 
Precision Work ;— 





—Notes its Limita- 

tions and Outlines 

its Special Applica- 

tion in the Plastics 
Field 


Fig. 1.—Photomicrograph of dia- 
mond tool edge for the turning of 


plastic materials. 


(Magnifica- 


tion 100 reduced to }.) 


LASTICS and allied non-metallic 
P materials have found so extensive an 

application in every phase of 
modern industry that it is difficult to give 
a complete review of all the possibilities 
of machining them with diamond tools. 

Plastics are probably best known in the 
form of mouldings, and here it is, in 
general, sound economics for the designer 
to create an article which is completely 
finished when it leaves the mould, 
which, as is usually the case, is highly 
polished, and will confer on the moulding 
a correspondingly high degree of finish. 
Sometimes, however, machining opera- 
tions, such as sawing and milling (for 
instance, in the case of combs) cannot be 
avoided. Again, whenever an exact 
geometrical form or a mathematically 
correct surface is required, machining 
must frequently be resorted to. 

It may at first seem strange that the 
hardest of all known tool materials, the 
diamond, should be necessary for the 
finish-turning of comparatively soft 
materials such as the phenolic resins, 
hard rubbers and similar materials. It is, 
however, quite well known that even the 
finest lathe tool of present-day high- 
quality steel is not capable of turning a 
single billiard ball without regrinding. A 


diamond tool is capable, on the contrary, 
of finish-turning three thousand or more 
billiard balls all perfect as regards shape 
and finish before relapping is required. 

Plastics themselves possess certain 
intrinsic abrasive properties; the filling 
materials used in conjunction with them, 
such as talc, chalk, asbestos, silica flour 
and textiles, have an even more pro- 
nounced effect and, to a greater or less 
extent, soon cause deterioration in the 
cutting edge of steel, hard metal or 
ceramic tools. Thus, the diamond tool, 
in spite of its high prime cost, will often 
prove ultimately more economical than 
tools constructed in a cheaper material. 
It should be pointed out, incidentally, that 
for certain plastic materials it is sufficient 
and, indeed, even advisable to employ 
tungsten-carbide tools if these latter be of 
complicated form; the expense entailed in 
the production of a profiled diamond 
cutting edge is, at the present moment, 
rarely justified. 

Comparing the relative merits of hard 
metals and diamond tools, the tempera- 
ture developed during the machining of 
insulating materials (which are mostly 
bad conductors of heat) is of importance. 
The diamond itself has a heat conduc- 
tivity similar to that of certain of the 
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hard metals, but its hardness falls off 
even less at high temperatures than that 
of the carbides. The dense structure of 
the diamond makes it possible to grind an 





exceedingly sharp edge, superior in this 
regard to that obtained with sintered hard 
metals; such an edge is very desirable 
when machining! plastics ; cutting pressures 
and temperatures are both reduced as a 
result. 

The high wear resistance of the 
diamond cutting edge, its high surface 
finish, sharpness and chemical inertness 
are also conducive to freedom of cutting 
with minimum pressure and friction at 
very high speeds—factors of importance 
when machining resilient materials of a 
rubber-like nature. Other tool materials 
require high pressures, and_ surface 
deformation is likely to occur when turn- 
ing. The low cutting pressure required 
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Fig. 2 (left).—Cutting angles 
of diamond tool. Fig. 3 
(foot of page).—Point angles 
and adjusting angles of 
diamond tools. Fig. 4 
(above).—Group of diamond 
form tools for precision 
work. 


for diamond tools explains also to 
some extent the fact that they are little 
influenced by slots, grooves or other 
interruptions at the surface of the work- 
piece. It may be said, in fact, that 
where great quantities of parts are to be 
produced without frequent attention to 
cutting tools, then the diamond is prefer- 
able to most other materials. 

For the machining of non-metallic 
materials, diamond tips may be produced 
in grades of diamonds requiring less 
critical selection than in the case of 
diamond tips for machining metal. The 
machining of hard rubber with diamonds 
became a general practice as long ago as 
1860. It is interesting to note that when 
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attempts were made to employ these 
stones for machining metal it was at first 
thought that the same random choice 
could be made of suitable grades as 
proved satisfactory with non-metals. The 
results, however, were most disappoint- 
ing; because of bad orientation with regard 
to cleavage planes, edges broke and work 
was spoilt. Only when “‘structure-cut’’ 
diamond tools were introduced was the 
problem solved in the case of metals. 
These remarks indicate that for the 
machining of plastics diamonds of a 
somewhat lower quality can be usefully 
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exact dimensions with diamond tools the 
clearance angle must be specially adapted 
on account of the relationship between 
the thickness of the diamond and the 
diameter of the bore. The optimum point 
angle for diamond tools is 120 degrees for 
straight surfaces and 170 degrees for 
multiple-facet tools; the width of a facet 
being from 0.004-0.040 ins. Tools for 
shoulder turning and special profiles, 
especially thread cutting tools, require 
point angles of less than 90 degrees, but 
owing to the weakening of the cutting 
edge and the probable effect on surface 





Fig. 5.—Calender roller set up in special centre lathe for trueing of surface by 
diamond turning. 


employed, the implication being that 
good all-round results can be obtained 
with comparatively low-priced tools. 
When ordering tools for the purpose, 
however, it is very important to specify 
exactly the material being worked and 
the conditions under which it is to be cut, 
i.e., cutting speed, cutting depth, and so 
on. 

For the production of geometrically 
correct surfaces it is essential that only 
one cutting edge be in operation at a 
time. The clearance angle is usually 
between 5-10 degrees for turning tools. 


For the boring of plastic materials to very’ 


finish, the use of these tools should be 
confined only to cases where it is 
virtually indispensable. 

The optimum rake angle for diamond 
tools is from 0-3 degrees. A rake of 
0 degree eases the problem of tool produc- 
tion and the checking of the tool in 
relationship to the workpiece. In 
general, it is advisable to adjust the tool 
slightly above the centre height of the 
workpiece. The front adjusting angle is 
45 degrees for diamond tools with one 
cutting edge and 18-30 degrees for 
multiple-facet tools. The rear adjusting 
angle, which should be as small as 
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possible, is best chosen from 1-2 degrees. 

The first consideration regarding cut- 
ting speed for diamond tools is absolute 
freedom from vibration. Although the 
demands on machine tools engaged on 
work in plastics are not as exacting as 
in the case of diamond turning for metals, 
the machine, nevertheless, should be 
on a firm foundation; drive should be by 
means of endless belt and bearings should 
be in perfect condition and show no end 
play. All rotating parts should be per- 
fectly balanced. Cutting speeds recom- 
mended for non-metallic materials vary 
according to current practice from 
100-4,000 ft./min. (Table 1). Design 
and condition of machinery will exert 
some effect on optimum cutting speeds in 
individual cases. Feed and depth of cut 





depend on the shape of the diamond tool 
edge. Comparatively substantial chips 
can be removed with a diamond tool 
when cutting plastics, but in order to 
obtain a good surface finish the feed 
must not be more than a fraction of the 
length of the cutting edge. Small feeds and 
light cuts produce high surface finish and 
enable very high cutting speeds to be 
maintained. Feeds of 0.0012-0.424 in. 
per rev. (the latter feed for large calender 
rollers): are frequently applied with 
cutting depths of 0.004-0.048 in. 

From Table 1 it will be seen that, in 
many instances, an infinite number of 
parts may be produced from a diamond 
tool before retouching of the edge 
becomes necessary; the finish throughout 
the whole cycle being such that no subse- 
quent improving is required. The 
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number of pieces per hour depends, of 
course, on size of the job, speed and feed. 
Data given in Table 1 show the 
economy of employing diamond machin- 
ing as a finishing process. The table con- 
tains only a short list of non-metallic 
materials which may economically be 
machined with diamonds; there are, how- 
ever, many other substances suitable for 
machining with shaped diamond tools. 


























Fig. 6 (left).—Diamond parting 
tool used in production of hard 
rubber discs. Fig. 7 (above).— 


Diamond trapping tool for the 

turning of vulcanite mouthpieces 

for briar pipes. Fig. 8 (below).— 

Milling cutter for plastic materials 

with four inserted diamond 
edges. 





It has been mentioned already that the 
diamond tool is particularly suitable for 
cutting resilient materials, such as rubber, 
on account of the comparatively low 
cutting pressure required as compared 


‘with that required for other cutting 
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materials. As a result, the workpiece 
suffers no deformation during turning. 
Typewriter rollers, for example, are 
quickly reconditioned by skimming with 
diamond tools. The grinding process 
formerly used for finishing these rollers 
has largely been superseded by diamond 
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Fig. 10 (below).—Diamond- 
tipped tube drill for plastic 
workpieces. The life of 


the diamond cutting edges 
is virtually indefinite. 









































Fig. 9 (right).—Showing in plan 








and elevation diamond - tipped 
milling cutter for plastic work- 
pieces. The nature of the 
cutting edge material in the case 
of tools of this type requires 
utmost attention to design, 
balance and means of adjustment. 
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turning, which is more rapid, more 
accurate and which produces definitely 
better finish. The idea has been sug- 
gested that soft rubber before turning 
might be frozen by dipping in liquid air. 
This would assist turning with steel tools 
for laboratory purposes, but can hardly 
be considered as suitable, at the moment, 
at all events, for production. Vulcan- 
ized rubber, particularly that of the 
harder grades, tends rapidly..to destroy 
the cutting edge of a steel tool not only 
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Fig. 11 (adjacent 
left).— Diamond- 
tipped twist drill 
for plastic work- 
pieces. Fig. 12 
(extreme left).— 
Diamond - tipped 
countersink for 
plastic work- 
pieces. 








Seen in drectionA 


by direct abrasive action but also by 
result of chemical attack caused by: the 
sulphur. Diamond tools are not affected 
either physically or chemically, however, 
in this way. 

A comparatively important application 
of diamond turning is for the finishing of 
large calender rollers. No other tool 


E 








“9S0'0 3M2 JO YaPIAA § “opAYyopjewsoy put UJaseD jo jeIJ93eW Zulpjnow 2sejg t “usses Zusse> epAyopjewsoj-jousyg } -uyos puke 423UI AA 
3SU49 PUB “OD PUR SIyBID “W INYsy Woy BQ ‘99C “d ‘O”E) ‘UOIIPZ Y3Z ‘YOOqpueH sasiujyrepy UeI!J9Wy ‘AdjURIS “W “y pUe UIAJOD “}4 “4 WO. uay7e2 Apseg 4 





ez oLe'2 82 X< “RIP 9¢ 
ie ; : er 4 4 4033 
© 4 i Zh X “e 

Pi r te “nwwo Zujusn , ie ** eoiw Ajqeqoud 
” = he ° . 


eae r ‘i _ Zuljjjw aoey SPE14azeW D1 j;eIaW-UOU JUTIEyIG 
S49]jO4 
f i i i Jsopuaye Zuiusan a me ay ** gan{ pue 
orang 870°0 ©3 020'0 | 920°0 93 910°0 | 007 03 osz pusje> 1 J0omuoss09 ‘soasaqse yaim duo} 
494j04 
sUuON z10°0 osz 8Y6 X veip FE, | seramoddy Zujusany Be ed on “* ganund 


pue asojnjje> Yy3M =seqqny 
SUON - poy = von _ poy §3unueg = ** (931U0q9) saqqns pueyy 
ouoN 000‘0s 00z H Xx ‘ep % a le (a 4eqqns psy 
Zuyjng oos‘y 000'e ‘tip fe Zursey cap OR aes 42qqna pseyy 
een ic Ost ‘b te x “ep fy Suyusny me AE Oy oe 
SuON 000001 00z Xx ‘ep ¥ Sujwesy TS oe oe 
SUON 000'sz i Ozy # x ‘tp Sujusny “eee Se 
eon gs = i "tip EF Buy sensi] “* "tye eS 


”~ 
i~ 
”n 
Ss 
a 


sUuON eauyepul 009 _ SE x Zulssaz0y , 7 a “*  fuyezes 





[903 yo 
Zuiuadseyses 
24042q Sa201g 


4noy sed *Ae4/"ut “uy /"95 leatnachania soyour 


Zuiysiuy ‘ul 
$229!q ‘3n> jo y3deq ‘pee, peeds 3ui33n> Ul BZIS YIOAA 


e43xq 








2291dxIOAA uoneiedo jelsezepy 
































* SPUOWRIC) YM selsarzepy 1Je39W-UON jo Buyusyoepy uo eIeQ—} 21921 


the 

in com- 
without 
hard 
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Washers 
of 


A diamond 


asbestos, 
tool, however, may be 
limits 


in normal cir- 


action of 
cumstances, will last 


months 
Fig. 6 shows the 
of 


used for this purpose 
turning 


material is capable of 
for 


withstanding the abra- 
turned calender rolls 


is smooth and accurate 
similar insulating 


materials. 

and distance pieces to 
accuracy can be pro- 
duced economically 
and accurately directly 
by means of parting 


type is not restricted 
highest 


to heavy duty may 
to hard rubber 


fillers which must be 
pletely traversing the 
roller from one end to 
regrinding. Sometimes 
rake angles of con- 
siderably more than 
3 degrees are used in 
this instance, and no 
dust is produced dur- 
ing the turning. The 
surface of diamond- 
for about six months, 
although if subjected 
deteriorate quicker. 

rubber discs by means 
of a diamond parting 
tool of 0.056 in. width. 
The diamond too] 
edge was bevelled and 
the cutting angles so 
chosen that the sur- 
face finishing of the 
discs was achieved in 
the parting operation. 
An application of this 


cotton-wool and jute 
encountered 


the other. 


sive 
hemp, 
and, 
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t Phenol-formaldehyde casting resin. 
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Fountain pen bodies are frequently 
diamond turned and bored, as also are 
high-grade mouthpieces for pipes. The 
hubs of laminated gears may also be 
similarly finished. Thread cutting and 
finishing of bearing surfaces in plastics, 
similarly, may be carried out with 
diamond tools. In the latter case it is 
interesting to note that whereas a per- 
fectly smooth finish is obtained there is 
no smear or closing in of porosity and 
dimensions can be held to such fine limits 
that no running-in period is needed. 

Tests by Lehr* showed that bearings 
fine-bored with diamond tools were cap- 
able of withstanding loads somewhat 
higher than usual. 

Another operation for which diamond 
tools are suitable is sawing, which is 
sometimes performed with high-speed 
circular saws, set with four or more 
diamonds. Again, milling cutters with 
two or more inserted diamond edges are 
used for face milling, and diamond- 
tipped milling cutters, core drills, twist 
drills and countersunks are widely used 
for forming plastics in precisely the same 
manner as steel tools for wood or metal. 

Recently, grinding wheels impregnated 


Table 2.—Non-metallic Mater 


with diamond dust of various grain sizes 
are said to have found extensive use in 
U.S.A. for the process grinding of 
plastics and ceramics, but further details 
of this application are not yet available. 

A special application of diamond 
“‘cutting tools’’ in connection with 
plastics machining is the use of diamonds 
in the production of sound grooves in 
gelatine and celluloid discs. A cutter 
with an included angle of 120 degrees is 
used for this purpose. A “‘ structure-cut’’ 
diamond is required for this job and must 
present edges which are visually sharp at 
a magnification of 200 diams.; such a 
cutter may be assumed to have an infinite 
life. Diamonds are also used for hardness 
testing. 
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ials for Machining with Diamonds. 





Material 


Application Trade names 





Synthetic resins: 

Phenolic and cresolic, with and without fillers 
such as cotton wool, fibre, cellulose tissue, 
laminated textile and pint oe fire clay, . 

Phenol-formaldehyde .. as 

Laminated plastics ¢ : ee 

Casein and ssigaaaincai 

Fibre .. 

Celluloid . 

Hemp with asbestos, cotton wool, jute 
Papier mache ‘ Re ; 
Horn ,. 

Ivo 

Tortoise-shell 

Mother of pearl : 

Special hard woods 

Carbon . 

Graphite 


Mica .. 
Gutta percha, . 
Soft rubber .. 
Hard rubber... 





Bearings* a“ 
— Catalin, Bakelite 

Hubs of plastic gears Tufnol 

Fountain pens Galalith, Erinoid 


Gramophone records 
Calender rollers 


lI 


Billiard balls 


Brushes for electric motors, electrodes 


Commutators (with « copper) 


Boag rollers : 
pens for pipes, ; 
accurate electrical parts Ebonite 














* Ernst Lehr, Versuche mit Presstofflagern (experiments with bearings of plastic material), ‘‘ Kunststoffe,” 


Vol. 28, 1938, pp. 161-170. 
t “Machinery” (London), Vol. 63, p. 334 (16th Sept., 


1943.) + 











AIRCRAFT 


Glass reinforced 
plastic fuselage, side 
panels and tail cone 
are embodied into 
new-type U.S. Army 
basic training plane 
which has_ recently 
undergone successful 
flight tests. Experi- 
mental plastic fuselage is of sandwich 
construction comprising a balsa core 
between an inner and outer skin of 
plastic reinforced with fibrous glass cloth. 
(‘‘ Automotive and Aviation Industries,’’ 
1944/90/29.) . Heating and ventilating 
systems for aircraft now embody ducts 
built up of fabric asbestos and a coating 
of synthetic resin. The abolition of 
metal for this purpose reduces weight by 
10 per cent. and gives equal strength and 
lower heat loss. Protection of retractable 
landing gear from hot exhaust gases is 
achieved by a new composite textile con- 
sisting of glass and asbestos. High 
strength and low weight, high resistance 
to abrasion and stability at high tempera- 
ture and under corrosive conditions are 
claimed for the new material, which is 
manufactured by the Owens-Corning 
Fiberglas Corp. (Nicholas Tower, Toledo 
I, Ohio). Core-filled resin is used for the 
production of moulded screw bolts where 
high strength is called for, as in hoist tie- 
downs and mooring fittings. (‘‘ Auto- 
motive and Aviation Industries,’’ May 1, 
1944/p. 46). Synthetic rubber base com- 
bined with small quantity of a so-called 
modified rubber, produced by Firestone, 
gives a very adherent or what might be 
described: as tacky body _ exhibiting 
improved bolt sealing properties for fuel 
and oil tanks ‘on ‘aircraft. This is: an 
important point. Furthermore, it results 
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World’s Industry 
Employs Plastics 
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in the conservation of natural rubber 
supplies. (‘‘ Automotive and Aviation 
Industries,’’ May 1/1944/p. 46.) 


SRE , 
GENERAL ENGINEERING 


Drawing of syn- 
thetic fibres is dis- 
cussed by Coppick in 
‘‘Wire and Wire Pro- 
ducts,’’ 1944/19/238. 
Analogies between the 
production of metal 
wires and fibres are 
pointed out. The 
fundamental problem common to both 
operations is that of the uni-directional 
extension of the material. The article 
contains photo-micrographs of cross- 
sections of films, together with X- 
ray diffraction studies of such materials. 
Nitriding steels for large dies for 
plastic moulding have recently under- 
gone considerable development, as 
described by Haufe in ‘‘ Kunststoffe,’’ 
1943/33/151, also ‘‘ Engineers Digest,”’ 
1944/5/139. Rubber as an engineering 
material forms the subject of a paper read 
by Moyal before the Leicester section of 
the Institution of Production Engineers. 
Emphasis is laid on the elastic properties 
of rubber and the possibilities of further 
developments as a result of the evolution 
of successful rubber-to-metal bonding pro- 
cesses (‘‘ J.’ Inst. Prod. Eng.,’’ 1944/23/ 
155, May). Data on selection and speci- 
fication of appropriate types of plastics for 
the engineer and designer form the sub- 
ject of a survey by Larson, of the Plastics 
Dept. of the G.E.C. (‘‘ Product Engin- 
eering,’’ 1944/15 /225). Technique of the 
moulding processes is explained, con- 
structional data tabulated and mould costs 
and prices per lb. of common plastics are 
discussed. Role of plastics in so far as 
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they affect the tool-maker’s art is 
explained by Price in ‘‘Tool and Die 
Journal,’’ 1944/9/101 (March). The 
special characteristics of thermoplastic 
and thermosetting resins are analysed. 
Practically all the thermoplastic materials 
are flexible and bend readily up to sec- 
tions at least 7¢ in. thick; thermosetting 
materials, on the other hand, are much 
more rigid. Standardized chemical testing 
methods for the quality of modern plastics 
form the subject of recommended 
standards recently put forward by a sub- 
committee of the Plastics Committee of the 
Verein Deutscher Chemiker. The first 
publications refer to testing methods for 
polymerized vinyl chloride and plasticized 
mixes of this base (‘‘ Kunststoffe,’’ 
1943 /33/297). Production of moulded 
parts in Mipolam and other thermo- 
plastics by straightforward moulding, by 
the pressure-vessel method, by extrusion 
and by hammer pressing forms the sub- 
ject of an account by Saechtling 
(‘‘ Kunststoffe,’’ 1943/33/291). Injec- 
tion moulding, dipping and plain casting 
methods are also referred to. Worm- 
wheels and heavy-duty nuts in plastics 
employed in rolling mill construction 
have recently appeared in new designs, 
which are described by Eckberg 
(‘‘ Kunststoffe,’’ 1943/33 /295). The 
wormwheels have moulded-in plastic 
tooth bars embodied in a steel frame, 
whilst the nuts themselves are in steel 
with inserts of laminated plastic. Satis- 
factory service has so far been obtained. 
The machining of plastics forms the sub- 
ject of the report by Zichle in 
“ Kunststoffe,’’ 1944/34/7. The follow- 
ing points are stressed: the contrast 
between machining of plastics and 
machining of metals, use of sintered car- 
bide, use of high-speed machine tools. 
The influence of resin type and problems 
in connection with sawing, drilling, 
tapping, turning, grinding, milling, 
shaping and punching. Stress analysis by 
the “‘ frozen-in plastics ’’ pattern method, 
using a phenolic resin model subse- 
quently sectioned for observation under 
the polaroscope, is discussed in general 
terms by Frocht in ‘‘ Journal of Applied 
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Physics,’’ 1944/15/72. The author 
considers general problems arising 


in the analysis of three-dimensional 
photo-elastic diagrams. Model shafts 
were investigated principally, the material 
used being BT-61-893; specimens were 
7 ins. long, 1 in. diameter, heated to 
260-265 degrees F. 2-3 hours and cooled 
slowly under load for 12-14 hours. New 
synthetic resin for use in conjunction 
with the monomer styrene for the treat- 
ment of porous castings in magnesium 
and other metals is being produced by 
Ault and Wiborg, Cincinnati, Ohio. It 
is stated that the co-polymer formed is 
insoluble in petrol. {‘‘ Automotive and 
Aviation Industries,’’ 1944/90/60.) 
Butyrate plastic is used in the construc- 
tion of a new torch issued to the U.S. 
Army Air Force, the lamp being housed 
at the end of a flexible metal tube. The 
same plastic is also employed for 
shatterproof windows, in pressure gauges, 
for boilers and air-conditioning units. 


ELECTRICAL 


Dielectric strengths, 
dielectric constants, 
power factors, resist- 
ance to arcing and 
insulating strengths of 
plastics are dealt with 
by Larson in 
‘“Product Engineer- 
ing,”  1944/15/329. 
The author points out the wide range of 
properties covered and observes that, by 
the use of graphite or metallic fillers, 
resins, which are nominally insulators, 
may be transformed into partial conduc- 
tors. Tables and diagrams are given. 
Influence of thin oil film on the electrical 
behaviour of Trolitul, Plexiglass and 
Vinedur at various degrees of humidity 
was recently investigated- by Vieweg and 
Gottwald at the Institute of Physics, 
Darmstadt. A distortion method in con- 
junction with an_ electrometer was 
employed. (‘‘ Kunststoffe,’’? 1943/33/ 
289.) 
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CHEMICAL 


Filtering material 
known as Mulltipore is 
produced from 
natural-rubber latex. 
It contains as many as 
6,400 perforations to 
the square inch. Filter 
screens of this material 
developed by the U.S. 
Rubber Co. are available in either hard or 
soft rubbers and may be compounded for 
high abrasive resistance, high tempera- 
ture resistance and resistance to attack by 
alkaline or acid solutions and certain oils 
and greases used in chemical engineer- 
ing. (‘‘Machine Design,’’ 1944/16/96.) 
Collapsible protective container designed 
for wrapping round glass or metal con- 
tainers holding corrosive chemicals in 
transport has been developed by the 
United States Rubber Co. It consists of 
two sheets, one of light cotton fabric 
treated with vinylite and another coated 
with synthetic rubber. The two are 








placed together, cut into a circular form 


and linked by eyelets and a cord. 
Sulphur plasticized with Thiokol, pro- 
duced under the name ‘Tegul C 
Vitrobond’’ by Atlas Mineral Products 
Co., has recently been placed on the 
market as an acid-resistant structural 
material. It is employed for mortars and 
allied chemical plant for the production 
of explosives, pigments and certain types 
of synthetic fibre. The material is inert 
to hot or cold mineral acids, is not 
attacked by corrosive inorganic salts or 
mild alkaline solutions; it is stable up to 
temperatures of 200 degrees F. It will, 
further, bond to brick with a strength of 
400-500 Ib./sq. in. and has high resist- 
ance to abrasion; it may be used satis- 
factorily both as a cement and material 
for the building of acidproof floors 
(‘‘ Scientific American,’’ 1944/170/276). 
Trade name ‘‘Geon’’ of the Goodrich 
Co. covers a series of special polyvinyl 
resins. The Geon 100 series refers to 
special vinyl chloride polymers highly 
stable to light and heat. 
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las MISCELLANEOUS 


Drying of phenolic- 
resin lacquers has 
been studied in a 
series of comparative 
tests by Saatmann 
(Osram Lichtheft, 
1943/19/47:  ab- 
stracted in ‘‘ Elektro- 
techn. Z.,’’ 1943/ 
64/661), who showed that in thin 
films these lacquers take four times 
as long to dry by ordinary stoving 
methods as opposed to infra-red dry- 
ing methods. Infra-red drying is not 
only very rapid but also yields films of 
high quality. Plasticizer designed to 
modify GR-S synthetic rubber and make 
it behave more like natural rubber is 
stated to have been developed by Du 
Pont de Nemours. Synthetic rubber 
forms the subject of a 70-page booklet 
issued by Acadia Synthetic Products 
Division of Western Felt Works, U.S.A. 
Photographs and data on resistance to 
low temperatures, hardness, resistance to 
heat and ageing are given. Advantages 
of high-frequency heating as compared 
with conventional methods for the curing 
of laminates is discussed in ‘‘ Product 
Engineering,’’ 1944/15/299. The author 
analyses the subject in detail and points 
out that the first observation of import- 
ance in this connection was made by 
Siemens in 1864 when he recorded the 
heating of the glass wall of a leyden jar 
whilst charging. Formule are given for 
determining the heat developed ina 
material, voltage, frequency and elec- 
irical characteristics of the material being 
known. Ttansparent plastic pill box is 
being employed for sulphur pills to 
enable contents to be inspected regularly 
and with ease and to guard against 
effects of damp (“‘ Scientific American,’’ 
1944 /170/249). Synthetics produced from 
petroleum and natural gas are also 
reviewed in the same issue. It is 
observed that to date some 160 com- 
pounds have been placed in regular 
production, using these raw materials. 
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The CLEANING of PLASTICS 


(Continued) 


With Special Reference to Cleaning After 
Fabrication Processes 


By E. E. HALLS 


 poblgurs discussed (July, 1944, issue) 
the solvents in detail with respect to 
their properties, it is time to turn to the 
plastics, with brief recommendations 
beyond those already specifically given. 

Dealing first with the phenolic resin 
materials, which include cast resins, 
laminated (paper, fabric, asbestos and 
woven glass bases), mouldings (wood 
filler as well as flock, asbestos or mineral 
loaded), it will have been apparent that 
any of the range discussed can be used, 
but some are more efficient than others. 
Of the inflammable solvents, medium 
naphtha is preferred. Light benzine is 
very good indeed, especially if rapid dry- 
ing off, without air blast, from intricate 
shapes is required. An inexpensive, high 
hydrocarbon content cellulose lacquer 
diluent is also quite sound, and can be 
adopted if more readily available in the 
factory. Methylated spirit is useful for 
watery contamination, or 50-50 methy- 
lated spirit-solvent naphtha mixture for 
combined oil and water contamination. 
These are all suitable for general con- 
tamination or for cleansing prior to 
organic finishing. If convenient, it is 
quite good practice in the last instance to 
use naphtha prior to varnishing or enamel- 
ling with oil base or synthetic media, and 
cellulose thinners if cellulose finishes are 
entailed. 

In all cases of immersion cleaning, 
rapidity of processing is stressed: the 
minimum time of contact with all solvents 
’ is advocated in order to minimize the pos- 
sibility of absorption. This precaution is 
the most desirable with paper and fabric 
laminated units, and of minor moment 
with mineral-loaded mouldings. 


If phenolic resin components are not 
fully cured, the methylated spirit and 
acetone will have some solvent action, 
more or less slight, upon them, and may 
cause a rough surface, although it may 
not be unduly pronounced. 

Comments given in relation to the 
phenolics appertain to the other thermo- 
setting resin products, the chief being 
those of the amino group. 

It is pointed out that trichlorethylene is 
all important because of its non-inflam- 
mability. A standard type of liquor 
vapour degreasing plant is very useful for 
practically all cases of thermosetting resin 
products. It is important to minimize 
treatment times both in the liquid and 
vapour sections. Proper maintenance of 
the plant is also stressed. Adequate con- 
trol on the steam line or electric heaters, 
to ensure no temperature rise above 125 
degrees C., must be maintained, otherwise 
some decomposition of the solvent into 
acidic vapours can occur. Regular clean- 
ing of the equipment at frequent intervals 
in accordance with the amount of con- 
tamination entering is essential, otherwise 
overheating to secure boiling is resorted 
to, and ‘‘cracked’”’ oil vapours are pro- 
duced. These often leave the work in a 
worse condition than its initial state. 


Removal of Fluxes 


As earlier mentioned, the trichlorethy- 
lene method is ideal for the removal of 
resin solder flux. Alternatively, methy- 
lated spirit is necessary for this, but a 
longer soak may be required. 

When corrosive fluxes have to be used 
on metal inserts, naturally every precau- 
tion has to be taken in their selection and 








use. This may be assumed for the present 
purpose. These fluxes run freely under 
the heat of the iron, contaminate the 
plastic surface and even become absorbed 
to some degree. This is most marked in 
low grades of phenolic laminated (on 
which the practice should be avoided), 
and much less marked on the moulded 
phenolics. If aqueous fluxes, such as 
killed spirit or zinc chloride solutions, or 
aqueous-alcoholic glycerine-zinc chloride 
mixtures, are employed, they must be 
very thoroughly removed by water wash- 
ing. Two water washes are necessary, 
and they can preferably be warm, from 
50 to 100 degrees C., according to the 
fragility of section and grade of product. 
A rinse in methylated spirit before drying 
off is highly desirable. When electrical 
stresses are relatively high and terminals 
closely positioned, for the final rinse it 
has been found highly beneficial to use 
acetone for assurance that a leakage path 
of low insulation is not left. There are a 
large number of examples of small mould- 
ings of complex design having closely 
positioned inserts, e.g., spool heads of 
smail coils and moulded assemblies where 
such practices are adopted with success. 


Washing in Special Cases 


Sometimes the more complicated jelly 
fluxes are used because they are more con- 
venient to employ, less likely to be 
splashed or handled over the work, less 
prone to run, and less penetrative under 
the heat of soldering. They are, how- 
ever, more difficult to remove. They con- 
sist of mixtures of petroleum jelly, resin, 
zinc chloride and the like. The jelly 
should first be removed in trichlorethylene 
or in solvent naphtha (the first also 
removing resin), and then the remainder 
of the flux removed by double washing in 
methylated spirit. In fact, with compli- 
cated assemblies, the spirit wash is often 
followed by water washings, and then 
again by spirit or acetone. It is evident 
that the simplest procedure that is effec- 
tive must be designed to suit each type 
of component, or an average treatment 
used that is suitable for the worst case. 
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It is apparent that resin or resin- 
alcohol solutions should be adhered to as 
far as possible to avoid these intricate but 
essential washing operations. Neverthe- 
less, they do become necessary in practice 
more frequently than would be thought at 
first sight, not only with moulded inserts 
but also on wire windings, e.g., coils on 
phenolic paper laminated tubes, resistance 
windings on phenolic asbestos laminated 
formers, etc., etc. 

Where resistance-less contact is re- 
quired, a final wash after completion of 
all assembly operations is given, this 
wash being confined as far as possible to 
the contact areas. At power frequencies, 
examples are precious metal contacts, 
usually mounted on springs, in which 
case local cleaning should be possible 
without fouling any neighbouring plas- 
tics. The latter may be _ phenolic 
laminated cheeks or _ separators, or 
moulded components. At radio frequen- 
cies, it is very often an actual copper 
winding upon a phenolic paper laminated 
tube which serves the former for the coil; 
the copper is usually silver plated, silver 
clad, or silver and rhodium plated. The 
object is perfect point contact. The light 
benzine or one of the cellulose thinners is 
satisfactory for cleaning, but more usually 
a non-flam solvent is necessary because of 
conditions in the shops where the clean- 
ing is performed. Carbon tetrachloride 
is, therefore, the commonly specified sol- 
vent for several good reasons. It can be 
purchased in small quantities in glass 
bottles, such as Winchester quarts, in 
which its cleanliness can be assured. It 
is a good universal cleanser and evapor- 
ates rapidly, and experience shows it to 
be very effective for the purpose. On the 
other hand, it must be kept dry and, as 
far as practicable, not exposed to lfght. 
Further, its toxicity must not be over- 
looked. Typical test results representing 
the grades of carbon tetrachloride . used 
are as under:— 


Specific gravity at 15.5°C. . 1,606 
Boiling point hie os .. 
Residue on evaporation .. .. Nil 


Acidity (in terms of milligrams of 
potassium hydroxide per grm.) 0.01 

Acidity, expressed as hydro- 
chloric acid per cent. .. 





CO 
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Regarding the thermoplastic materials, 
a cold cleanse is necessitated by virtue of 
their melting - point limitation.  Tri- 
chlorethylene degreaser plant cleansing is 
therefore out of the question, and this 
solvent has to be employed cold in the 
same way as the others, bearing in mind, 
of course, that it is entirely unsuitable for 
some thermoplastics. 


The Cellulose Plastics 


For cellulose acetate (rod, sheet and 
tube products, or mouldings, or cellulose 
acetate coatings), a hydrocarbon solvent 
is suitable, light benzine or medium coal 
tar solvent naphtha being usual. As this 
plastic is soluble in acetone and ketones, 
and in many esters or ester spirit mix- 
tures, the cellulose thinnings are unsuit- 
able. With assurance of their composi- 
tion, certain types can safely be used, 
e.g., the amyl or butyl acetate/hydrocar- 
bon mixtures. 

Ethyl cellulose is closely similar to cel- 
lulose acetate. It is soluble in ketones 
and ester, and in mixtures of coal tar 
hydrocarbons with methylated spirit. 
The best cleaner is light petroleum. 


Polystyrene, Methacrylate and 
Polythene, etc. 


Polystyrene is very easily soluble in 
coal tar hydrocarbons, and therefore sol- 
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Fig. 9.—Machined polystyrene component 
for radio-frequency applications. 
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vent naphtha is entirely unsuitable; 
hydrocarbon solvents including the petro- 
leum products are usually avoided. Cel- 
lulose solvents are unsuitable or dan- 
gerous because of their hydrocarbon 
ingredient, this being coal tar naphtha in 
at least 50 per cent. of cases. It is also 
soluble in trichlorethylene so_ that 
chlorinated hydrocarbons are also taboo. 
Industrial methylated spirit is satisfactory 
and is usually used. As the polystyrenes 
are unaffected by water, this can also be 
employed, especially if a soap solution 
has been used as lubricant. However, a 
final rinse in methylated spirit is neces- 
sary to assist in drying off. 

Fig. 9 shows a close dimensionally 
limited component machined from sheet 
or rod, and required to have perfectly 
finished faces. It is one component on 
which many hours of expensive machin- 
ing were lost through final washing in 
coal tar naphtha. The effect of the latter, 
merely 10 to 15 secs. immersion, was to 
stick the components together in a mass, 
to roughen up edges and faces, and gener- 
ally to render them useless. 

Methyl methacrylate plastics (e.g., 
Perspex, Diakon, etc.) represent another 
group for which the selection of solvent 
cleanser must be closely watched. Choice 
of lubricant, too, must be careful because 
all solvents have some effect; the solvent 
with least action must be employed, and, 
therefore, a lubricant that can be 
removed by means of sucha solvent has 
to be used. 

The methyl methacrylates tend to be 
soluble in coal tar hydrocarbons such as 
toluene; therefore solvent naphthas can- 
not be used indiscriminately, although 
experience shows that the medium grade 
is safe. It is soluble in ethylene 
dichloride, trechlorethylene and the like, 
and therefore chlorinated hydrocarbons 
are excluded. It is soluble in acetone and 
esters, thus precluding the use of the cel- 
lulose lacquer thinners. Ethyl alcohol is 
a non-solvent for methyl methacrylate, 
and therefore industrial methylated spirit 
should .be a possibility, but experience 
shows it does not provide a satisfactory 
solution. Also the material is virtually 





unaffected by water, and this solvent 
therefore represents one available for 
cleaning this plastic. 

The inclusion of plasticizers may cause 
increase in solvent attack, and this has to 
be borne in mind with all the thermo- 
plastic materials. 

Fig. 10 shows a methyl methacrylate 
moulding having a hexagonal brass insert 
with blind hole which required tapping 
after moulding. A practical trouble was 
experienced in washing free from swarf 
and lubricant in as far as solvent naphtha 
was specified for the cleaning, yet the 
product was ruined, the bulk becoming 
sticky, cemented together and irrecover- 
able. Investigation into various solvents 
that were available to the machine shop 
concerned revealed the following facts. 

(a) Coal tar solvent naphtha actually 
had very little deleterious effect except 
with prolonged immersion. Complete 
immersion for 15 mins. caused loss of 
lustre but no rounding of sharp edges. 

(b) Cold trichlorethylene exerted 
an immediate solvent action upon the 
mouldings, which quickly became soft 
and sticky. 

(c) Inexpensive cellulose thinners of 
low ester content and high percentage 
of coal tar naphtha diluent caused more 
deterioration than solvent naphtha. In 
5 mins. immersion the mouldings 
became sticky and soft. 

(d) Industrial methylated spirit pro- 
duced some softening of completely 
immersed samples in 10 mins., and 
surface whitening in an hour. The 
deterioration was then rather more seri- 
ous than with solvent naphtha. 


It was concluded that the particular 
trouble was caused by the use of the 
wrong solvent, either cellulose thinnings 
had .been used and an excessive immer- 
sion time allowed, or more probably a 
trichlorethylene degreaser had wrongly 
been used for convenience; or.again, if 
solvent naphtha had been employed it 
had been contaminated with other sol- 
vents. No further troubles arose when 


solvent naphtha was used and a maximum 
immersion time of 1 min. was stipulated. 
It was also ensured that the work was 
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Fig. 10.—Methyl methacrylate moulding 
with brass insert. 


blown dry with a blast of clean air as 
soon as possible after removal from the 
solvent. 

Incidentally, the majority of methyl 
methacrylate is machined dry, and water 
is the most usual, and the recommended, 
coolant. Soap is advocated for drilling 
the larger holes (say, greater than } in. 
diameter). . This means that water has to 
be used for washing, and it may give 
some extra trouble in drying off, although 
the use of warm water assists. 

The polyvinyl chloride products appear 
as sheet and tube products, as mouldings 
and as sleevings. Their properties may 
be much varied by plasticization or by 
co-polymerization with polyvinyl acetate. 
In general, however, it can be said that 
petroleum solvents are safe. Coal tar 
hydrocarbons cause swelling, while 
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ketones (e.g., acetone) and esters may 
exert from slight to appreciable solvent 
action. Methylated spirit is the general 
purposes solvent used for cleaning. 
Closely similar remarks appertain to the 
polyvinylidene chloride products, methy- 
lated spirit serving as cleaner. 
Polythene is virtually insoluble in cold 
solvents, but it is soluble in hot coal tar 
and petroleum hydrocarbons, and in the 
chlorinated ‘hydrocarbons. It is usually 
cleaned when necessary in cold methy- 
lated spirit, although it is insoluble in 
acetone as well as in ethyl alcohol. 


The various forms of casein plastic are 


‘really insoluble in solvents, although 


extended immersion in some of them may 
cause swelling. Water is worst in this 
respect, and methylated spirit can be 
regarded with suspicion. The medium 
coal tar solvent naphtha is a satisfactory 
cleaner to employ. 


Treatment of Ebonites and Rubbers 


Finally, the wide range of ebonites, 
not only the black ebonites, but also the 
various so-called ‘‘ composite insulating 
materials,’’ which are silica or otherwise 
mineral-loaded ebonites. They are all 
fully vulcanized rubber-base materials, 
and the medium coal tar solvent naphtha is 
preferred for cleaning free from swarf and 
contamination. Some operators use 
methylated spirit quite satisfactorily, but 
there is a suggestion that this can leave 
a surface film of low insulation. A warn- 
ing can be given that trichlorethylene is 
dangerous because it promotes deteriora- 
tion, cracking from holes and edges, small 
pieces of ebonite often breaking away. 
Soft rubbers rarely come into the picture. 
Peculiarly, trichlorethylene seems quite 
safe for degreasing them, even when 
using a hot vapour degreaser. In many 
cases, for the removal of surface con- 
tamination in the nature of french chalk 
and the like, scrubbing with soap and 
water, with final water washing, is apt. 
When sticking is entailed, as when using 
the various special rubber cements, 


carbon tetrachloride is often used, but 
actually the coal tar naphtha is the best 
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medium. A very thorough clean is desir- 
able in this application. 

Comments have been made in the fore- 
going on selection of a lubricant that 
can readily be removed. This is obviously 
important. Difficultly soluble fats must 
be avoided. Soap-base greases and oils, 
not only the thick hard soap greases, but 
even the emulsion oils that have a soft 
soap emulsifying base, and which are 
used diluted with water, should not be 
used. Not only are they difficult to 
remove by washing, and often imposs:ble 
to eliminate completely, but there is 
always the probability that an alkaline 
film is left when cleaning under produc- 
tion conditions. Therefore, they are 
obviously dangerous when electrical 
plastics are involved, both when used at 
high power voltages or when employed 
at radio frequencies. 

Some tabulated data are given apper- 
taining to the normal lubricants available 
for arduous operations in engineering 
machine shops. Table 12 refers to the 
sulphurized cutting oils that are employed 
on high-speed automatic machines for 
turning and cutting. They represent per- 
haps the highest grade of liquid lubricant 
capable of being continuously fed by 
pump circulation. They are used from 
neat to a dilution of one part to 40 parts 
of mineral blending oil (see Table 
13). They are completely and readily 
soluble in the solvents discussed, and are 
therefore easily removable by washing. 


For severe tapping operations, perhaps 
the various lard oil, wool fat, mineral oil 
mixtures are most generally used to-day. 
They are represented by the examples 
given in Table 15. They, therefore, 
seem the most logical choice when lubri- 
cant is really required for difficult tap- 
ping operations, as in some of the mineral 
loaded mouldings and sheet materials. 
They are easily soluble. Actually, how- 
ever, the aluminium soap-base greases 
shown in Table 14 are preferred. They- 
are straight mineral oils, having their 
viscosity and adhesion properties im- 
proved by the inclusion of a small per- 
centage of aluminium soap. They are 
completely soluble in hydrocarbon sol- 
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Table 12.—Characteristics of Sulphurized Base 
Cutting Oils Used for Tapping and Drilling. 














SampleNo. .. ..,. 1 2 
Acid value, mgms. KOH/gm. 6.0 3.9 
Saponification value, mgms. 
KOH/gm. 30 4% 
Ash on incineration, % ae Nil 0.02 
lodine value, WUS. , ee 16 23 
Sulphur content, % . 0.7 18 
Viscosity, papwees, “seconds 
At 70°F. nF 550 750 
Ac 1400F,” a os 69 75 
At 212°F., we ai 29 41 
Specific heat . ae 0.54 0.52 
lash point (open) oF: A 345 350 
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Table 144.—Analysis of Typical Aluminium 
Soap Base Tapping Greases. 





Sample No. .. we 1 2 3 4 





Composition per cent.: 
h (aluminium 
oxide) ., 0.36 0.52 0.53 
Fatty acids (as alu- 


minium soap) ., 44 6.6 6.4 
Mineral oil .. re 86.0 85.2 87.1 | 84.2 
Fatty aci ds as 

glycerides .. .. 7.7 6.0 71 


100.0 | 100.0 | 100.0 | 100.0 


TT 

















Table 15.—Characteristics of Tapping Oils 
having Lard Oil/Wool Fat Base. 














Table 13.—Characteristics of Light Mineral 
Blending Oils. ROR eg ks ey ee te 2 

Sample No... Ra tite 1 2 Acid value, mgms. KOH/gm. 2.4 1.6 
Saponification value, mgms. Rigen. 128 73 
Ash on incineration % -. . | Traces | 0.01 

Acid value, - a Nil Nil Approximate _— Yi— ‘ 
Saponification value. ie a Nil Nil Mineral oil .. ‘ re Nil 46 

Ash on incineration %  |* ae Nil Nil Lard oil,, ‘a Se) em ae 25 
lodine value, WUS - 11 13 WE cen. ae: | oe 75 26 
Specific gravity at 15. 50¢, ° ie 0.894 0.903 _ _ 
Specific heat . 2p ee 0.56 100 100 
Flash point (open) oF, ois 280 340 er — 

bear Redwood, seconds :— Viscosity, Redwood, seconds: — 

ree 188 250 At 70°F, ae ae se eo | 225 198 
At 1400F., a ~~ = 49 53 At 140°F, ‘e aw éo os 64 61 
At 2120F., és - ail % 37 At 2120F. eS ee ew ue 41 38 

















vents, and so components upon which 
they have been used can easily be cleaned 
free from them. They have not been 
available on the market in recent years, 
but it is hoped that they will shortly be 
again available. 

Incidentally, it is hoped that a range 
of lubricating oil and greases will be com- 
mercialized, these compounded from 
straight lubricating oils and aluminium 
naphthanates. They hold great promise 
as lubricants, easily removable, free from 
fats that may turn rancid, and, in manu- 
facture, simple to control. 


Table 16 gives data on tallows which 
are extensively used in spinning and 
in vertical tapping operations and strongly 
favoured by operators in tapping plas- 
tics. especially the phenolic mould- 
ings. The higher melting point tallows 
show better lubricative qualities than the 
lower melting varieties. Being solid, they 
are exceedingly difficult to remove by 
means of solvent, even when using hot 
trichlorethylene degreasing plant. Resi- 
dues left can be very corrosive to metal 
such as brass inserts. 

At the risk of digressing at this stage, 


Table 16.—Laboratory Characteristics of Tallows. 








Sample No. .. a a 1 2 3 4 5 4 
Acid vatue, mgms. KOH/gm. 10.0 9.2 “ 50 9.3 a 
Saponification value, — KOH iam... 190 193 194 195 190° 19 
Melting point °C... as 50 50 45 48 43 44 


Viscosity, Redwood, seconds: 
At 140°F, 


At 212°F. 


111 








109 98 101 cy 92 
50 
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a general review of American practice to 
see how far lubricants are used or avoided 
in that country may be of interest. 


American: Lubricating Technique 


Information on _ latest American 
practices in the machining of plastics is 
given by W. S. Low, ‘Iron Age,”’ 
February 10, 1944, and is taken from the 
1943 edition of the Plastics Catalogue. 

For turning cast resins, a bronze tool 
bit is used in small production and 
requires dressing after 100 to 150 cuts. 
For quantity production, high-speed steel 
tools are preferred. Whichever tool is 
used, it must be carefully honed in order 
to produce smooth cuts. On work 
requiring polishing, this is advantageous 
because the work can go straight from 
the machine to the polishing operation 
without intermediate sanding. The 
majority of work is machined dry, and 
although coolants are rarely required, 
when they are used, they must be of the 
non-alkaline type. 

For turning, tools are sharpened as for 
brass. Ample clearance is_ given, 
10 degrees to 20 degrees, and a slightly 
negative or zero rake is desirable. The 
tool is set at right angles to, or 1 degree 
to 2 degrees above, the centre of the 
material, and cutting edges should be 
finished in a condition to produce long 
ribbon shavings. Special grades of tool 
materials are not required, although hard 
bronze tools are employed and these can 
be filed without removing from the 
holders. Stellite, cemented carbide or 
high-speed tools are used when it is 
desired to obtain longest possible runs 
and minimum of delay for resetting and 
resharpening. Spindle speeds in turning 
range from: 450 r.p.m. to 6,000 r.p.m., 
these being determined by the type of 
work and the diameter of the material. 
They should be regulated to a surface 
speed of the order of 600 ft. per min. 

For the laminated plastics and vul- 
canized fibres, closely the same rules 
apply as for machining brass. Highest 
possible speeds and sharp tools are desir- 
able. Slow speeds cause very. rapid 
dulling of the tools. Cemerited carbide 
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tool tips, such as Carboloy, are specially 
recommended for turning and boring on 
account of higher speeds and less grinding 
that they necessitate. Clearance should 
be at least 30 degrees. This caters for the 
slight elastic nature of the tool and the 
tendency to spring back with a generation 
of heat and the dulling of edges. It 
eliminates abrasive rubbing action to a 
considerable degree. Tubes and rods of 
these materials are successfully machined 
in automatics or in hand-screw machines. 
It is stressed that tubes are not exactly 
concentric, and drilling the inside when 
concentricity is required is advised.- 
Recommended cutting feeds on auto- 
matics are as follow:— 
Feeds in. per rev. 


Drilling 0.007 to 0.015 
Turning wa 0.010 to 0.015 
Cutting off ... 0.002 to 0.005 
Forming 0.002 to 0.003 


Water-hardened steel is used for form 
tools because of increased hardness and 
the length of run between grinds. Carbide 
tips for cut-off tools are warranted. 
Spindle speeds for various stock sizes are 
shown below:— 


Hand-screw Machines 


R.p.m. 

1 in. diam. and over 800 to 1,000 
Under I in. ... 1,500 to 2,000 
Automatic Machines 

R.p.m. 
Larger than § in. diam. ... 2,500 
7 in. to in. diam. ... « Fee 
4 in. and less ... ae ... 5,000 


For drilling holes up to #-in. diam. 
the normal standard of high-speed drills 
with a slightly negative rake ground on 
the cutting lip is satisfactory. Very 
high speeds are advocated and the drill 
should be backed out to avoid burring. 
Speeds are from 2,800 to 12,000 r.p.m. 
for small holes, or 100 to 300 ft. per 
minute, but when the material has high 
abrasive qualities, this speed is reduced 
to about 75 ft. per minute. It is useful 
to keep the tool cool by directing a thin 
jet of compressed air as near the hole as 
possible and directly on to the drilled 
hole. ; 
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Specially designed drills for plastics 
should be used for holes larger than 
# in. Flutes are highly polished and 
maximum chip appearance provided for 
with a slow helix for pierced holes and 
a fast helix for blind holes, with a 55- 
degree point for thin sections and 
90 degrees for thick sections. A slight 
radius at the end of the lip is provided 
and helps to maintain hole sizes. The 
tendency to cut holes undersize requires 
close watching. 

For the drilling of methyl metha- 
crylates, a drill is recommended having 
a flute angle of 17 degrees and a lip 
angle of about 70 degrees and a lip clear- 
ance angle of 4 to 8 degrees. The lands 
should be polished one-fourth of the 
width of the heel. Lubricants for drill- 
ing help to remove chips, carry away 
heat and give improved finish. Warm 
soap solution is recommended, although 
oil is stated to be quite satisfactory. It, 
of course, gives extra cleaning problems. 

High-speed drills are recommended 
and drilling at the highest possible speed 
without burning the drill. For a }-in. 
drill, 2,500 r.p.m. give best results and 
for a No. 60 drill 10,000 r.p.m. are not 
excessive. Dubbing the lip of the drill 
and giving it plenty of clearance enables 
it to cut freely and prevents splitting and 
grabbing. Drills must not be forced and 
only slight pressure is necessary if they 
are kept sharp. 

Reaming is not usually recommended 
and, when necessary, expansion reamers 
with self-centring floating holders are 
advocated. Speeds not exceeding 50 to 
100 r.p.m. with very fast feeds are used. 
Often a hole can be sized by drilling 
within 0.001 in. and then passing a highly 
polished hardened rod through it. 

Regarding threading, the general 
practice is to mould threads above }-in. 
diameter and tap smaller ones. Threads 
smaller than No. 8 or finer than 36 
threads per inch are not moulded because 
fine or shallow threads tend to fill with 
pure resin and are very brittle. Under 
the conditions recommended, moulded 
threads are stronger than tapped threads. 
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It is recommended that moulded threads 
should not be retapped. In some cases 
threads as fine as 56 threads/inch can 
be tapped. Mineral-filled compounds are 
brittle and difficult to tap, and fabric- 
filled materials tend to swell under moist 
conditions due to exposure of the fabric 
at the cut edges. 

For the cast resins standard taps can 
be used, but ground high-speed steel taps 
have proved more satisfactory, whereas 
chromium-plated taps are recommended 
for long production runs. Very little 
rake and plenty of clearance are essen- 
tial. The effect of abrasive materials and 
binding can be minimized if clearance is 
ground on the sides of the threads and 
taps with three instead of four flutes give 
longer tap life. 

Regarding speeds, 40 ft. per minute is 
recommended for 0.736-in. taps and 54 ft. 
per minute for 0.0590-in. taps. For cool- 
ing, water has proved more efficient than 
oil or paraffin, but tapping dry is 
normally recommended and said to cause 
the least wear. 

For laminated plastics and vulcan- 
ized fibres, high-speed taps oversize 
to 0.002 to 0.005 in. are recom- 
mended and it is interesting to note that 
a little oil is considered helpful. Three 
thousand holes can be threaded in }-in. 
material using 10/32 tap without 
resharpening. Another interesting point 
is that it is claimed that a drill for 75 per 
cent. full thread facilitates tapping and 
cuts down the tap breakage. Further, a 
slight chamfer round the hole before 
tapping assists in preventing uplift 
around the hole. Collapsible taps are 
used for holes larger than 1} in. or 1} in. 

External threads in mouldings may be 
produced by moulding in split halves. 
The thread may be from 0.005 to 0.015 in. 
out of round and will have a slight ridge 
across the threads. In threading or 
tapping the methyl methacrylates to 
accommodate metal bolts or nuts, allow- 
ance is made for the difference in the 
coefficient of thermal expansion of the 
two materials. A slight increase over 
normal metal clearance is usually suffici- 
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ent. Hand or machine tools are used for 
threading or tapping. The material can 
also be machined in lathes or automatic 
machines. Standard taps are employed. 
The tap or die is operated at a speed of 
about 25 per cent. slower than for brass 
or for cellulose plastics. Excessively 
high speeds cause frictional heat and the 
sticking of chips, so that taps should be 
backed out frequently to prevent 
jamming. 

For hand-tapping holes smaller than 
} in. it is not essential to use a lubricant. 
For larger holes a mild soap solution for 
drilling is recommended. When machine 
tapping or threading, the work requires 
to be flooded with lubricant, and lubri- 
cant also assists to produce a smooth, 
accurate result when tapping by hand. 

For milling operations, carbide-tipped 
tools are recommended for long-produc- 
tion runs. Cutting speed is of the order 
of 400 ft. per minute, but if cuts are very 
light, greatly increased speeds may be 
used. Carbide-tipped cutters permit of 
up to 1,000 ft. per minute. Slow feeds 
promote smooth finishes. The cutters 
must be kept exceedingly sharp and 
honing the teeth to a very smooth edge 
is important. 

Abrasive wheels for cutting off are 
usual with high spindle speed. A flood 
of water is used as a coolant. Sawing is 
performed at about 1,200-1,300 ft. per 
minute and best results are secured with 
a band saw of 14 to 18 teeth per inch. 
When using a jig saw, a No. 3 jeweller’s 
blade with 22 teeth to the inch for intri- 
cate work and a No. 4 or 5 blade for 
normal production and for stacked work 
is usual. Thin methacrylate sections are 
individually sawn without a lubricant 
and likewise thick pieces can be sawn 
slowly without lubricant. Lubricant 
does, however, eliminate or reduce possi- 
bility of chipping and gives cleaner cuts 
and eliminates the tendency of the saw 
to stick. For heavy cuts, including 
stacks of thin section, the lubricant 
eliminates the tendency to smoke. The 
best lubricant is water, but oil can be 
employed if it is essential to eliminate 
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the possibility of rusting. Special prac- 
tices use oil paper between the stacks 
and bar soap is also resorted to. 

Grease burnishing is a finishing process 
in which the barrel is loaded with three 
parts of pegs and two parts of articles, 
and a mixture of grease, sawdust and pre- 
cipitated chalk is used. The quantity of 
the latter ingredients is controlled to 
minimize the grease film and the time of 
operating. 

Dry tumbling is similarly carried out, 
using very fine pummice and paraffin oil. 
War finishes are obtained by barrelling 
with wax to the extent of about 1 -per 
cent. on the quantity of pegs used, the 
hot wax being added to the pegs in the 
barrel before the work is introduced. 
For methyl methacrylates, a mixture of 
carnauba wax and beeswax is used and 
is previously dissolved in turpentine. 

Wheel finishing by grinding and 
buffing are employed, and in grinding it 
is essential to use plenty of cutting com- 
pound, paraffin or soluble oil, in order 
to wash the grindings free from the 
wheel. 


Cleaning of Oil, etc., from Plastics 


In general, for the cleaning of oil and 
swarf from plastic components, a separate 
room or enclosure is set aside, in which 
the infiammability and toxicity of the 
solvents employed can be properly taken 
care of by means of suitable exhaust and 
ventilation. Obviously, such practice in 
every case is not necessary, nor is it 
always practicable. It is desirable when 
dealing with small components in bulk. 
These are best treated in baskets or, for 
fragile articles or larger items, on hooks, 
jigs or frames. Handling should be so 
planned that it is unnecessary for the 
solvent to contact operators’ hands. All 
tae solvents are relatively ‘‘ harmless’’ 
in this sense; but naturally, being grease- 
solvents, they withdraw fats from the 
skin and cause dryness, chaps or even 
sores with some people. Baskets should 
be made from wire mesh as open as the 
work permits. The solvent dip tanks 
should present the minimum of surface 
area to reduce losses from evaporation. 
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Fig. 11 (left)—Showing immersion tank 
for spirit washing. A, solvent; B, open- 
mesh basket on’ ledge in draining 
section; C, sloping bottom of draining 
section. 


Ample depth of solvent should be used 
to avoid stirring up the accumulated 
swarf and to permit of hanging the basket 
within the confines of the tank, but 
above the solvent level for draining pur- 
poses. If two baskets per tank are 
employed, then the draining section can 
be to one side with a sloping bottom to 
the main tank, as shown in Fig. 11. 
Two solvent tanks are used in series, the 
second for a final clean rinse. The 
second becomes the first when the latter 
is due for scrapping. It is convenient to 
make these tanks sufficiently small to 
facilitate handling and pouring the scrap 
liquor away via a lip at the top. Larger 
designs have to be provided with a drain- 
off plug. 

Tanks should be installed with the top 
edges at bench level, either sunk into 
the bench on low benches or on stands. 
They can be arranged under a large hood 
fitted with a volume fan, and final blow- 
ing off with compressed air when 
resorted to can be done alongside, so that 
all organic solvent is exhausted through 
the same plant. The enclosure should 
be provided with fresh air to compen- 
sate the outgoing exhaust, either by 
windows from the outside atmosphere or 
fed from an air-conditioning plant. 


Fig. 12 (right).—Arrangement of spirit 
washing station. A, exhaust; B, glass sides 
to booth; C and D, washing tanks with 
loose covers; E and F, work benches, 
bakelite covered ; G, air point. 


Lights can be installed in convenient 
positions for the operators to see what 
they are doing. It is usual to fit flame- 
proof lights within the booth. All lights 
and switches should be of the flame-proof 
type. 

The general arrangement of the clean- 
ing booth is shown in Fig. 12. 

If a trichlorethylene degreasing plant 
is also used, there is no reason why it 
should not be installed in the same clean- 
ing enclosure provided it is of the steam- 
heated variety. If gas or electric it must 
be positioned elsewhere on account of fire 
hazard. The size and capacity of the 
trichlorethylene cleaning plant will be 
determined by the nature and volume of 
work to be cleaned. Fundamentally it 
consists of a tank in the bottom of which 
is a reservoir of solvent. This can be 
heated to boiling by means of steam coils 
passing through it, or by electrical heaters 
or gas burners from the outside. The top 
of the tank is kept cool by a channel 
through which water is circulated to form 
a cold line. Further, egress of vapour 
is prevented by a bank of cold water 
coils inside the tank around the walls. 
Under correct operating conditions, these 
maintain a horizontal cold layer below 
which is hot trichlorethylene vapour. In 
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Fig. 13.—1.C.|. trichlorethylene degreasing 
plant and connections for the gas-heated 
type. 


combined liquor, vapour plants, arrange- 
ments are made for a reservoir of liquid 
in one half of the tank, this liquor being 
constantly refed with clean solvent from 
the condensate on the cooling coils. The 
general principle is illustrated by Fig. 
13, of liquor-vapour degreasers, this 
being taken from the I.C.I., Ltd., 
catalogue. 

These small degreasers, vapour only or 
liquor-vapour type, are the most gener- 
ally useful, although special designs can 
always be erected to suit specific needs. 
Some workers use a vapour degreaser in 
conjunction with a stationary tank of cold 
trichlorethylene. The latter is used for 
a preliminary rinse to remove solid dirt, 
and this has no objections provided the 
tank is kept covered when not in use. 

As the solvent becomes contaminated, 
its boiling point rises, dependent upon the 
nature of the oily contamination. Fig. 
15 is a typical average curve showing 
this increase. If heat is supplied to 
achieve boiling, it is evident that over- 
heating may quite conceivably occur and 
that various hazards are introduced. 
For this reason, automatic control by 
thermostat on electric and gas models, 
and by reducing valve on the steam 
types, are incorporated to maintain 
working temperatures in the liquid down 
to 125 degrees C. max. From the curve 
in Fig. 14 it is evident that there is 
still some solvent in the contaminated 
liquid when it has reached this boiling 
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point and at which it has to be scrapped. 
The solvent can be reclaimed in a steam 
distillation plant. 

A more recently introduced trichlor- 
ethylene degreasing plant not only takes 
care of the removal of all forms of con- 
tamination from the work, oil, grease, 
water, swarf and loose dirt, but also it 
embodies a continuous recovery of pure 
dry solvent, and the absorption of all 
vapour, in the one plant. It is the Fraser- 
Heller system. There is a limit to the 
size and space required and in general 
a large quantity of work needs to be 
handled before its installation is justified. 

The Fraser-Heller system is a totally 
enclosed one. The following illustrations 
are taken from the ‘‘ Mechanical World,’’ 
May 29, 1942. : 

Fig. 15 is a diagrammatic representa- 
tion of the arrangement. 

Fig. 16 is a cross-section of the washing 
tank, showing the specially designed 
finned cooling pipes. 

The work is loaded into the cleaning 
chamber, which is then closed. The work 
can be rotated in a barrel if its shape 
necessitates such treatment.  Trichlor- 
ethylene vapours are injected-from the 
upper still C into the washing tank A. 
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Fig. 14.—Effect of dissolved oil on boilinz 
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Figs. 15 and 16.—Diagrammatic view of arrangement of 
the Fraser-Heller degreasing system, with cross-section 


of washing tank (right). 


Condensation occurs on the cold work, 
which rapidly rises to the boiling tem- 
perature of the trichlorethylene. Con- 
densation upon the work then ceases, but 
continues on the cooling coils, from 
which it rains down, giving further clean- 
ing. Re-evaporation of solvent from the 
bottom of the tank occurs, oil, of course, 
remaining behind. The process is allowed 
to continue for 2 to 3 mins. The liquid 
residue is drained to still B. The gaseous 
vapours and air are withdrawn with the 
circulating fan H through the cooler D 
and air separator F. Condensed trichlor- 
ethylene from the cooler flows via the 
water separator E, and the air is circu- 
lated back through the washing tank A, 
the circulation being continued till the 
latter is free from vapours. A sight glass 
below F enables progress to be followed 
visually. The residues in B are con- 
tinuously steam distilled via D and E to 
C. The outgoing air can be passed 
through activated charcoal for absorbing 
final traces of solvent. At the close of 
the cycle the work tank can be opened 
and the load removed. 

For general purposes cleaning, the fol- 
lowing summary of preferred solvents can 
be made for the various plastics:— 


(1) Thermo-setting products, phenolic 
resin laminates and moulded pro- 
ducts, phenolic cast resins, amino 
‘ resin laminates and mouldings. 

Trichlorethylene, using a _ hot 
degreasing plant; medium coal tar 


HEATED 
JACKET 





HEA 
RE-EVAPORATED AND TED 
TRICHLORETHYLENE JACKET 


solvent naphtha or light petroleum 

benzine in a cold immersion plant. 
Nitrocellulose and cellulose acetate 
products, medium coal tar solvent 
naphtha or light petroleum benzine 
in a cold immersion plant. 

(3) Ethyl cellulose products. 
Light petroleum benzine. 
(4) Polystyrene, polythene and polyvinyl] 
chloride products. 
Industrial methylated spirit in 
an immersion plant. 
(5) Methyl methacrylate products. 
Medium coal tar solvent naphtha 
in an immersion plant. 
(6) Casein products. 
Medium coal tar solvent naphtha 
in an. immersion plant. 
Hard rubbers (ebonite and loaded 
ebonites). 
Medium coal tar solvent naphtha 
in an immersion plant. 

Many of the solvents discussed can be 
purchased to official specifications of the 
British standard or D.T.D. series. Alter- 
natively, they may be covered by cus- 
tomer’s own specifications. Factors to 
cover included items such as composition, 
acidity, residue, boiling point and 
evaporation characteristics. Suggestions 
along these lines are given below. Par- 
ticular characteristics can, however, be 
modified to suit user’s requirements. 


Medium Coal Tar Solvent Naphtha 


Composition: To consist entirely of coal 
tar hydrocarbons, neutral in reaction, 
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free from water, dirt, sediment, or other 
extraneous matter, and to be clear and 
colourless. 

Residue upon Evaporation: To be 0.03 
per cent. max. 

Boiling Range: Volume distilling 
between 110 and 150 degrees C. to 90 per 
cent. min. 

Evaporation Characteristics: To be 
within the limits shown in Fig. 17. 

Specific Gravity: To be 0.855 + 1 per 
cent. at 15.5 degrees C. 


Light Benzine 

Composition: To consist entirety of 
petroleum hydrocarbons, neutral in 
reaction, free from water, dirt, sediment 
or other extraneous matter, and to be 
clear colourless. 

Residue upon Evaporation: To be 0.01 
per cent. max. ' 

Boiling Range: Volume distilling 
between 80 and 110 degrees C. to be 80 
per cent. min., with 10 per cent. max. 
below 80 degrees C. and 10 per cent. max. 
above 110 degrees C. 

Evaporation Characteristics: To be 
within the limits shown in Fig. 18. 

Specific Gravity: To be 0.740 + 1 per 
cent. at 15.5 degrees C. 

White Spirit 

Composition: To consist entirely of 
petroleum hydrocarbons, neutral in 
reaction, free from water, dirt, sediment 
or other extraneous matter, and to be 
clear colourless, 

Residue upon Evaporation: To be 0.01 
per cent. max. 

Boiling Range: Volume distilling 
between 140 and 180 degrees C. to be 90 
per cent. min. 

Evaporation Characteristics: To be 
within the limits shown in Fig. 19. 

Specific Gravity: To be 0.795 + 1 per 
cent. at 15.5 degrees C. 

Cellulose Lacquer Thinnings 

Composition: To consist of 25 to 35 
per cent. of ester solvent for nitro- 
cellulose, remainder to be coal tar hydro- 


carbons. To be neutral in reaction, free 
from water, dirt, sediment or other 
extraneous matter, and to be clear 
colourless. é 
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Residue upon Evaporation: To be 0.01 
per cent. max. 

Evaporation Characteristics: To be 
within the limits shown in Fig. 20. 


Amyl Acetate 

Composition: To be clear colourless, 
free from dirt and suspended matter. 

Ester Value: Calculated as amyl 
acetate, to be min. 95 per cent. by weight. 

Acid Value: Calculated as acetic acid, 
to be 0.03 per cent. max. 

Residue on Evaporation: To be 0.02 per 
cent. max. 

Specific Gravity: To be 0.870 + 1 per 
cent. at 15.5 degrees C. 


Acetone 

Composition: To be clear colourless, 
free from dirt and suspended matter, 
purity to be minimum 98 per cent. 
acetone. 

Acid Value: Calculated as acetic acid, 
to be 0.005 per cent. max. 

Residue on Evaporation: To be 0.005 
per cent. max. 

Boiling Point: To be 56.0 degrees C. 
min., 50.0 degrees C. max. 

Specific Gravity: To be 0.786 to 0.800 
at 15.5 degrees C. 


Carbon Tetrachloride 

Composition: To be clear colourless, 
free from dirt, suspended matter and 
water; and to be neutral in reaction. 

Residue on Evaporation: To be 0.905 
per cent. max. 

Acid Value: Expressed as hydrochloric 
acid, to be 0.0010 per cent. max. 

Boiling Point: To be 75 to 77 degrees 
C. 

Specific Gravity: To be 1.600 to 1.620 
at 15.5 degrees C. 


Trichlorethylene 

Composition: To be trichlorethylene 
with suitable stabilizer. To be clear 
colourless, or faintly yellow, free from 
dirt, suspended matter or water. 

Residue on Evaporation: To be 0.005 
per cent. max. 

Boiling Point: To be 86 degrees to 87 
degrees C. 

Specific Gravity: To be 1.460 to 1.470 
at 15.5 degrees C. 
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Fig. 17.—Medium coal tar naphtha method 
of specifying rate of evaporation. 
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Fig. 19.—White spirit method of specifying 
rate of evaporation. 
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Fig. 18.—Light petroleum benzine method 
of specifying rate of evaporation. 








- Cee aa 


8 





3 


g 





s 





MINIMUM 


& 





PER CENT. BY WEIGHT EVAPORATED 
E s 























2 4 
TIME IN MINUTES 


Fig. 20.—Cellulose thinners method of 
specifying rate of evaporation. 
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Acid Value: Expressed as hydrochloric 
acid, to be 0.005 per cent. max. 

Effectiveness of Stabilizer: Exposure to 
bright light (sun or artificial) for seven 
days at room temperature, acidity not to 
increase beyond the specified maximum. 
Industrial Methylated Spirit 

Composition: To be ethyl alcohol 
denatured with wood spirit-~and contain- 
ing water to the extent permitted by the 
proof strength value specified. 

Acid Value: Calculated as acetic acid, 
to be 0.003 per cent. max. 

Residue on Evaporation: To be 0.005 
per cent. max. 

Specific Gravity at 15.5 degrees C.: 
Maxima for respective proof strengths at 
15.5 degrees C. as under:— 


64 OP 0.821 
68 OP 0.812 
74 OP 0.798 


Proof Strength: Not to be more than 
0.3 degrees below the specified proof 
value. 
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These solvents are normally all supplied 
in metal containers, which are usually 
steel tin-lined, but special supplies can be 
obtained in glass, if so desired. 

In conclusion, it is reiterated that before 
deciding on the type of cleanse one 
must bear in mind the compositional and 
physical nature of the plastic, the nature 
of the contamination, and the purpose for 
which the cleaning is required. Many 
plastics are more or less absorbent, and 
many are soluble in a range of solvents 
and in mixed solvents. Indiscriminate 
cleaning is therefore not practicable, and 
when there is any doubt tests should 
always be made or trials conducted. When 
purchasing trichlorethylene plant, 
arrangements can always be made with 
suppliers for trials to be carried out on 
the work concerned in order to ensure 
that cleaning can be achieved in a time 
period and at a temperature such that no 
damage occurs by absorption, swelling, 
cracking or distortion. 








PLASTICS IN SOUTH AFRICA 
By W. L. Speight 

The possibility of developing a plastics 
industry in South Africa has engaged the 
attention of many people for some time. 
In an address to the Chemical, Metallurgical 
and Mining Society, in Johannesburg, Dr. 
P. N. Lategan dealt with plastics and their 
application, with South Africa’s position for 
turning them to advantage. In the past 
15 years a large number of synthetic plastics 
have been built up from very simple chemi- 
cals, mostly by-products of the coal and 
petroleum industries. Semi-synthetic 
p:astics were derived from cotton, wood and 
milk. The needs of the war have telescoped 
into months the research that would have 
taken years to accomplish. The “ ideal 
plastic ’’ was colourless, lustrous, hard, 
tough, strong, flexible, adhesive, with suit- 
able solubility and softening point, high 
electric insulation power, light, stable, non- 
inflammable, waterproof, chemically 
resistant and cheap. No one plastic com- 
bined all these properties. Plastics with 
particular properties were selected for par- 
ticular applications. South Africa was in 
a fortunate_position. ‘‘ Ammonia, sodium 
hydroscide, nitric acid, hydrocyanic acid 


and acetylene are, or can be, produced in 
this country at costs which compare favour- 
ably with those in countries overseas. 
Phenol, benzene and other chemicals can be 
produced. economically from coal tar, which 
is available in large quantities in the Union. 
The only essential chemical lacking is for- 
maldehyde, which is usually obtained from 
methyl alcohol. I am confident, though, 
that the day is not far distant when we 
shail have in this country a synthetic oil 
plant of the Fischer-Tropsch type, varia- 
tions of which could produce from coal via 
gas not only oil, but other basic chemicals 
such as methyl a‘cohol.’’ Enough filters 
could be produced in the Union to meet the 
needs of a plastics industry of any size. 
Simple pigments could be made readily 
available. The position regarding solvents 
was not quite so favourable, but alcohol, 
and perhaps glycerine, could be produced in 
large quantities from motasses, a by-product 
of the Natal sugar industry. Most of the 
plasticizers required by a local plastics 
industry would have to be imported. The 
plastics industry. in South Africa at present 
was still very much in the infancy stage. 
So far it was confined to the moulding of 
simple articles from imported powders. 
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SOME THEORETICAL and PRACTICAL 
ASPECTS of POLYSTYRENE 
By William S. Penn, B.Sc. 


OLYSTYRENE as a plastic is 

becoming increasingly important in 
the world to-day. With the advent of 
the electronics and the synthetic rubber 
industries, enormous amounts are now 
being demanded and produced. The 
development of polystyrene, one of our 
oldest plastics, was held up because of 
cost, but this is rapidly being reduced, 
and because of the present large-scale 
production it will be increasingly so after 
the war. 

Polystyrene is unsurpassed as an 
electrical insulating medium, and as the 
disadvantage of heat instability is being 
solved, at least to a certain degree, its 
use in this direction is unlimited. Before 
explaining in any detail, however, the 
modern developments of the application 
of polystyrene, it would be advantageous 
to discuss recent results on the structure 
of the material, which have an important 
bearing on the industrial applications. 
The conventional ideas about polystyrene 
being a straight chain thermoplastic are 
now considerably modified, especially 
with respect to the products formed at 
high temperatures. This must be cleared 
up, therefore, before the implications of 
possible future uses can be satisfactorily 
understood. 


Structure 


There is general agreement on the 
mechanism of chain initiation and chain 
propagation, and as this has_ been 


(1) —CsHs CH—CHe— + 


(2) — (Cs Hs) t — CHe — 


3) vaitases aiiien ii 


+ CHe = (Cs Hs) CH — 


+ C;H; CH = CHe 


explained many times before it would be 
out of place to discuss it here. The two 
other main aspects of polymerization, 
however—chain termination and branch- 
ing—are of special significance in poly- 
styrene, and have received a_ great 
amount of attention from many workers. 
Both of these mechanisms are of great 
importance industrially, especially the 
one on branching, and they will be dis- 
cussed here in some detail. 


Chain Termination 


Chain termination, although the least 
important, will be studied first, as it has 
a very great bearing on _ branching. 
There are several main mechanisms by 
which chain termination can take place, 
and these may be summarized as 
follows:— 

(1) Migration of a hydrogen atom! 
from one chain to another, to form 
monovalent radicals containing methyl 
groups and capable of terminating 
reactions. Formula (1) below. 

(2) Joining of two — (C,H,)C = CH, 
radicals formed in (1) to produce cycliza- 
tion at the end. Formula (2). 

(3) Migration of a hydrogen atom 
from one end of a chain to another. 
Formula (3). 

(4) Joining of ends for cyclization and 


(5) Joining of free valencies with 
foreign molecules. 


— CHe (Cs Hs). CH— —> 


(Cs Hs). C = CH2 + CHs —(Cs Hs). CH — 


—_ ne ae 


| 
HeC — CH (Ce Hs) 


——> Cs H; CHe — CHe — CH = CH Ce Hs 
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POLYTHENE 


Polythene is pure polymerised ethylene, a white translucent 
thermoplastic material which can be extruded or mou'ded. 

Its chief use at the present time is in the cable industry where 
exceptionally good electrical properties are required. Polythene 
has a very low power factor, is chemically inert and of low water 
absorption. ‘These properties should lead to wide applications 
after the war. 

I.C.I. Polythene is sold under the trade name of “ Alkathene,” 
and is available in chips or as a mixture with polyisobutene. In the 
latter form it is generally used for cable covering. 

Other forms in which “ Alkathene” can be 

supplied are rod, film, sheet and moulding powder. 

Particulars of “Alkathene” and other plastic 

materials are available on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Sales Offices at: Mil) Hill, London, N.W.7; Oldbury, near Birmingham; Alderley Edge, Cheshire ; 
Bristol ; York ; Newcastle-on-Tyne ; Leicester ; Bradford ; Cardiff ; Sheffield ; Glasgow ; Belfast ; Dublin. 





PI2sA 

















FROM FINE FINISHES 





The well-known CELLON range of products has been 
built up largely by the rapidity with which the CELLON 
technicians appreciate the importance of new innovations 
and new industries. 


The rapid increase in the use of Plastics presents 
intricate but surmountable problems and, in fact, CELLON 
Synthetic Finishes and Thermo-Plastic Adhesives have 
already been devised and are in use for numerous 
special purposes. 


CONSULT CELLON on all problems of finishing or 
jointing materials, and let them give you the benefit of 
their experience in this and other fields. The address is 
Richmond Road, Kingston-on-Thames, Surrey. Telephone: 
Kingston 1234 (5 lines). 
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No. 4 can be rejected at once as being 
very improbable. If a compound with 
such a large ring were formed it would 
be quite stable, but the chances of it 
forming are extremely remote, and this 
possibility will not be entertained any 
further. 


Discussion of Possible Methods 


1. This seems to be quite a promising 
hypothesis, but it has been disproved.? 
Infra red analysis shows that there are 
no CH, groups in polystyrene, which is, 
of course, required by the theory. This 
is contrary to the concepts of Kropa and 
Barnes,’ who are very much in favour 
of it, but evidence definitely points to 
it not being so. 


2. It is quite possible that this is one 
of the mechanisms of chain termination. 
Some evidence,‘ although not very strong, 
does point to the fact that any terminal 
double bonds disappear on polymeriza- 
tion, although this is easily explained by 
the branching phenomena, as will be 
shown later. 


3. It seems probable that this method 
is the most likely one, the migration of 
a hydrogen atom along a chain. There 
has been evidence against this, but on 
close examination it is shown to be posi- 
tive, not negative. It is, in the first 
instance, the same as the reason in 
paragraph 2 and is because no frequencies 
corresponding to a double bond were 
found on examination of Raman Spectra 
of polystyrene. As the migration of a 
hydrogen atom should take place in this 
reaction, experiments were conducted® in 
the presence of heavy water and alcohol. 
No appreciable exchange of hydrogen 
and deuterium between styrene and 
water, and water and styrene took place. 
It appears, therefore, that no hydrogen 
transfer takes place, but it must be 
remembered that only very minute 
amounts of hydrogen are involved. 


On the other hand, it is concluded 
from the slight but definite increase of 
the dipole moment that the double bond 


‘s maintained during polymerization. It 
s also interesting to note that during the 
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inhibition of polymerization by the 
employment of selenium,’ hydrogen 
selenide is evolved. The theory of hydro- 
gen migration is made more creditable 
by the fact that it is postulated® that 
certain solvents reduce the molecular 
weight of polymerized styrene, because 
of the transfer of hydrogen or chlorine 
atoms to the chain. 

To clear up the point conclusively, 
Mizushima, Morino and Inoue? made 
intensity measurements of Raman lines 
of polystyrenes of a lower degree of 
polymerization than those examined by 
this method before. The intensity of the 
band of the double bond gradually dis- 
appeared as the degree of polymerization 
became greater. This was to be expected 
in view of the fact that as the degree 
of polymerization increased, the residual 
double bonds would be used up for 
branching, apart from the fact that the 
chains became very long indeed and the 
bond could only show up to a very slight 
degree. For a polymer of molecular 
weight 1150, the intensity of the line 
1602 was found to be five times that of 
1634. For the monomer the latter was 
twice as strong as the former, assuming 
that the intensity of these two lines is 
proportional to the number of ethylene 
bonds and benzene nuclei. 


4. This has already been mentioned. 


5. When we are dealing with pure 
styrene this particular problem does not 
arise, of course. This is not often the 
case, however, and many instances have 
been observed when catalysts and 
impurities form a part of the reaction 
chain. For instance, p. bromo benzene 
diazonium hydroxide catalyses styrene 
polymerization, and the presence of 
p. bromo-phenyl fragments of the cata- 
lyst in the chain suggest that the catalyst 
dissociates into free radicals. The same 
applies to many other substances. 


Branching 


We are now in a position to discuss 
branching, which, until comparatively 
recently, was unsuspected in polystyrene. 
The conventional formula for polystyrene 
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shows it to be a straight chain thermo- 
plastic molecule, with no possibility of 
branching. It might be rather puzzling 
to see how this happens, and there are 
two main possibilities. 

Staudinger! considers that it takes 
place by a transformation of the benzene 
ring into the quinoid form as shown 
below. 


H 


Kn XX 


= = ‘cH 
CH, 7\cH 

7 

u” » 


By this means extensive branching could 
and does take place. Evidence has been 
published to prove this, although the fact 
that the compounds so produced are 
never coloured tends to point away from 
it. It should be noted, however, that 
when exposed to ultra-violet radiation 
polystyrene gives a strong bluish tint. 

According to Flory! the theory of the 
formation of branches through the grow- 
ing together of chains seems more 
probable. Either two activated mole- 
cules are capable of reacting with one 
another in such a manner that only one 
double bond becomes saturated and the 
other carries on the growth, or the 
deactivated polymer still contains a 
double bond through which it may be 
built into a growing molecule, thus with 
the formation of a side chain. The truth 
of the matter is that possibly both of 
these reactions take place at the same 
time. 

The fact must also be kept in mind 
of the possibility of the presence in the 
styrene of divinyl benzene as an impurity, 
formed during the manufacture of the 
styrene monomer. It only requires a 
very small percentage of this compound 
to cause extensive branching and there- 
fore its influence must not be neglected. 

Whatever the cause, however, the 
phenomenon is most important, and to 
illustrate it more vividly some figures will 
be given. It was observed!? that the 
polystyrenes produced by high tempera- 
ture polymerization were less viscous 
than those produced at low temperatures. 
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This is due to chain branching. 


The 
higher the temperature the more branch- 
ing takes place, and this is quite a regular 


rule. Table 1 gives figures to illustrate 
this point. 








Table 1. 

Temperature of D f Average chain 
olymerizatio Sit ig length of main 
vie | eae | 

20 13 2,600 

60 2.3 2,000 

100 3.15 1,200 

132 3.5 550 

220 4.3 350 











This has been worked out in greater 
detail for each particular temperature, to 
show the actual complexity of the 
reaction. The temperature at 132 degrees 
C. may be taken as a convenient point 
for discussion. If we have a straight 
chain of 100 monostyrenes, we have a 
main branching position after every 20 
monomers in the chain. Thus we have 
five branching positions and ten branches 
of the first order. These branches have 
an average chain length of 7.5 monomers 
and a_ total polymerization degree 
(together with all the branches of higher 
order which they bear) of 25.5. There- 
fore they have, on the average, three 
more side branches. The implications of 
this branching will be discussed later in 
the industrial applications, especially in 
connection with spraying. 

To round off this section on structure, 
one or two important points on the 
synthesis of polystyrene can be mentioned 
to some advantage. 

The early observations of Staudinger! 
indicated that the polystyrene possessed 
a regular head-tail structure. Other 
people did not agree with this! and pre- 
ferred a head-head tail-tail structure. 
These observations did not take branching 
into account and therefore cannot be 
treated with any great finality. The 
point may possibly be cleared up by the 
fact that when various polystyrenes were 
examined‘ they yielded Raman Spectra 
rich in lines and independent of molecular 
weight. From this and from the con- 
stancy of the enumerated frequencies 
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MICOFLEX-DURATUBE & 
MICOFLEX-DURATUBEX 


P.V.C. EXTRUDED SLEEVINGS 





MICOFLEX-DURATUBE and MICOFLEX-DURATUBEX are 
the trade names of the P.V.C. sleevings of which 
we are the sole distributors. They are manufactured 
by DURATUBE & WIRE LIMITED, Feltham, in 
various colours, in a complete range of sizes and thicknesses, and in various 
degrees of hardness ranging from SUPER FLEXIBLE tO RIGID. Braided and 
reinforced types of sleévings (MICOFLEX-DURATUBEX), 


which comply with various Government Speci- im an 7 
fications, are made for special applications. 
THE MICANITE & INSULATORS CO. LTD., EMPIRE WORKS, BLACKHORSE LANE, LONDON, E.17 


Makers of MICANITE (Built-up Mica Insulation) ; Fabricated and Processed MICA ; PAXOLIN 
(Synthetic-resin Laminated sheets, rods, tubes and cylinders); High-voltage Bushings and Terminals 
for indoor and outdoor use ; Empire varnished Insulating Cloths and Tapes and all other forms of 
Electrical Insulation. Suppliers of Vulcanised Fibre Leatheroid, Presspahn, etc. Sole distributors 
of Micoflex-Duratube Sleevings (P.V.C.). 
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the uniform feeding of materia! 
would be an advantage? 

The Patent Gardner Diaphragmic 
Feeder has been redesigned to 
reduce irregularities in the feeding 
of material to a minimum. | 

The material is fed in bulk in 
a ‘“*U” shaped Hopper in which a 
slowly revolving agitator keeps the 
material in a free-running state. 

A control slide allows the 
material to enter the feeding 
chamber only as required to keep 
it full, and suitable agitators are 
fitted to prevent packing. 

The material finally passes 
through the diaphragm, a principle 
of feeding long established by 
Gardners in many industries and 
originally patented by them many 
years ago. 

Micrometer control of the size 
of opening has been introduced 
to ensure greater accuracy of 
discharge. 

Many hours’ supply of material 
can be. fed in the Hopper at 
one charge. 

Machine is equally successful for 
adding small or large quantities 
to bulk. . 


Hythe you a problem in which 
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WM. GARDNER & SONS (Gloucester) Lid., Bristol Rd., Gloucester 


Telephone: Gloucester 2288 (3 lines). Telegrams: ‘‘ Gardner, Gloucester.” 
LONDON : 19, Gray’s Inn Chambers, 20, High Holborn, W.C.1. Telephone: Chancery 7347. 
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upon passing into the dissolved state, one 
may conclude that any great molecular 
distortion is absent in polystyrene. This 
means, as has been shown, that the 
branching which does take place is quite 
regular. 


Concerning the actual polymerization 
process itself, care must be taken in that 
a dimer is not formed. Polymerization 
of styrene in the gaseous  stage,}5 
especially at high temperatures, usually 
produces dimers. The catalysed poly- 
merization of methyl styrene with con- 
centrated sulphuric acid!® gives a dimer, 
a cyclized molecule, diphenyl dimethyl 
cyclobutane. In this connection it is 
interesting to note that the polymerization 
of the a methyl styrene at low pressures 
gives an open chain dimer, whilst the 
application of high pressures is then 
sufficient to close it. 


In view of the important electrical 
properties of polystyrene it is very 
interesting to observe the effects of elec- 
trical fields on the polymerization of 
styrene. A.C. and D.C. currents have no 
action on a solution of styrene in 
toluene,!”? but pure styrene reacts to elec- 
tric fields in two ways: (a) active nuclei 
are formed at a definite critical voltage 
(47 kv./mm.), and therefore it acts as a 
catalyst; (b) further growth of nuclei is 
increasingly impeded by rising field 
voltage. Whilst discussing active nuclei, 
an interesting claim was made by R. C. 
Houtz and H. Adkins,!® who said that 
precipitated and dried polystyrene pre- 
serves its capacity to add further quanti- 
ties of styrene to itself. 


In conclusion of the discussion on 
structure two little-known facts may be 
mentioned. This is some information on 
depolymerization as opposed to the above 
process of polymerization. The first is 
that polystyrene may be depolymerized 
by the action of ultrasonic waves!§— 
something which I feel will throw impor- 
tant light on the structure of the polymer. 
The second point concerns the three 
dimensional structure built up by copoly- 
merizing styrene with divinyl benzene.” 
This is insoluble and comparatively 


PLASTICS 387 


infusible up to certain temperatures, but 
depolymerization is complete at 400-500 
degrees C. This shows that the styrene 
linkages are not too strong and throws 
immediate light on the ultimate heat 
resistivity of polystyrene plastics. This 
will be discussed further, however, under 
the industrial applications of polystyrene. 


Industrial Applications of Polystyrene 


By far the most important use of 
styrene at the moment is, of course, as 
a copolymer with butadiene to make 
GR-S, the general purpose synthetic 
rubber. As a plastic, however, its most 
important use is as an electrical insulating 
medium especially for high-frequency 
work, although, as will be mentioned 
later, its value in other directions is 
rapidly being realized. The following 
section is not an attempt to summarize 
the well-known industrial uses of poly- 
styrene, as this has often been done before. 
Rather little-known facts, which may 
later be of some great significance, are 
discussed in an effort to show the poten- 
tialities of the material. 


Electrical 

We have already seen in the above 
section how electrical influences affect the 
polymerization of styrene. This may 
seem rather strange as polystyrene is pre- 
eminent as an electrical insulator in high- 
frequency work. Even more strange than 
this, however, is a fact discovered by two 
German physicists?! concerning the per- 
meability of the plastic. Although the 
absorption of water by polystyrene is 
exceedingly small, its permeability is 
rather large. This diffusion of water 
through polystyrene (and the majority of 
high polymers) gives rise to small 
currents. This shows the importance of 
keeping polystyrene dry, because the 
maximum value of the current reached is 
higher the larger the permeability. 

Two detrimental points in the use of 
polystyrene as an electrical insulating 
medium are its low softening point and 
inflammability. A material which, when 
mixed with the plastic, overcomes this to 
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a great degree is chlorinated diphenyl.” 
The compounded material is called 
Styramic and it is very useful, although 
it is not recommended that it be used for 
long periods at high temperatures. 
Another method of improving on the low 
softening point is by heating the ordinary 
polystyrene at reasonably high tempera- 
tures (180 degrees C.) and under pressure, 
for long periods. The resulting improve- 
ment may be ascribed to branching, and 
some cross linking. 

One final fact may be mentioned in 
connection with the electrical properties 
of polystyrene. This concerns the mag- 
netic susceptibility? of the material. It 
is very high and this is regarded as being 
due to the disappearance of the double 
bonds in the polymerization process and 
to its-anisotropy. 


Properties in Solution 


~ The properties of polystyrene in solu- 
tion are most unpredictable. This may 
be put down almost entirely to the com- 
plicated branching and micelle formation 
which takes place. On the one hand, 
polystyrene, up to a molecular weight 
of about 98,000, is remarkably free from 
solvent effects.24 Numerous solvents may 
be used to determine the viscosity, with 
no apparent discrepancies in the results. 
The other side of the picture is repre- 
sented by the complex behaviour of com- 
paratively dilute solutions.» The visual 
observation of solutions of polystyrene in 
toluene gives no indication of solidity. 
A 15 per cent. concentration, however, 
produces a solution which appears to be 
a moderate viscous liquid which has the 
rigidity of a stiff gelatin gel. A 50 per 
cent. solution which flows without yield 
point has a rigidity of about that of raw 
rubber. 

These effects are very important from 
the point of view of spraying. Poly- 
styrene possesses certain excellent 
properties, and although it has been very 
little employed for this purpose up to the 
present, its use as an important lacquer 
is forecast. The lacquers will probably 
be applied by spraying, and there is, 
therefore, a need for studying this 
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problem. It is difficult to use polystyrene 
for spraying because of cobweb forma- 
tion. This is due either to too great a 
viscosity of the solution or insufficient air 
pressure. The latter fault can readily be 
corrected, but the former is much more 
difficult. The obvious method is by 
thinning, but there is one great objection 
to this, the reduction of the concentra- 
tion of the styrene. This means wastage 
of solvent and increased drying times. 
A method which will be applied on a 
much greater scale is the use of high- 
temperature formed polystyrenes. This 
means that a great amount of branching 
takes place, and a reduction in main 
chain length is caused, with a consequent 
decrease in viscosity for the same molecu- 
lar weight. This is made possible by the 
apparent fact that the side chains do not 
affect the viscosity, it being due primarily 
to the main chain. When the main chain 
becomes shorter than the branch chains 
this does not apply, of course. 

The flexible films of polystyrene, which 
are now being produced, need little men- 
tion. There is one important fact, how- 
ever, which must not escape notice. A 
tough flexible film may be made by 
heating a solution of styrene with not less 
than 5 per cent. of water. This cheap 
novel method may be of great interest 
in years to come. It is useful to note that 
polyfurylethylene?” forms films which 
dry tack free in eight hours, harden in 
24 hours and are compatible with nitro- 
cellulose, which shows the possibilities of 
polystyrene and its derivatives as film 
producers. 

The effect of milling on the viscosity of 
solutions of polystyrene may be men- 
tioned before closing. It is reduced 
considerably, and is due to the rupturing 
of primary valency bonds. In a milling 
time of 10 hours the viscosity can be 
reduced from a value of 2-5 poises to 
1.0 poise. Further milling has little 
effect. It has been calculated that of the 
energy available for rupture most goes 
to’ the breaking up of Van der Waal 
forces and only a small part to the rup- 
turing of primary valency bonds. 
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Solid Polystyrene 

Polystyrene is a very versatile material 
and will lend itself to most fabricating 
processes. It can be decorated in many 
ways, and most of its inherent defects 
eliminated by suitable compounding, 
which up to the present is not practised 
to any great extent. This has been due 
to a desire not to reduce in any way the 
excellent electrical properties of the 
material. Plasticizers and other com- 
pounding ingredients are now being 
found, however, which do not cause this, 
and their use is becoming increasingly 
important. One of these plasticizers has 
already been mentioned, namely, 
chlorinated diphenyl, and others include 
diphenyl phthalate and aroclors. The 
diphenyl phthalate imparts a high gloss 
to the plastic. 

Products related to polystyrenes are 
becoming increasingly important. All 
the three of o, m, and p polybromo 
styrenes® give hard, colourless, brittle 
and transparent products, which are 
approaching the highly _ desirable 
material, hard (unscratchable), trans- 
parent, colourless and light stable plastic 
optical glass. 

In connection with these derivatives, 
and to save quoting the innumerable 
examples which exist, it would be advan- 
tageous to point out that polystyrene 
enters, in solution, into many chemical 
reactions. The phenyl group can be 
sulphonated and halogenated, etc., and 
the products so formed used in many 
modern industrial applications. It has 
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been ascertained that the ortho deriva- 
tives give the greatest mechanical 
strength and resistance to heat, and this 
fact will be explored to the full. 

A further way of modifying poly- 
styrene resins is to copolymerize with 
substances such as maleic anhydride, 
which can react further, even after they 
have been polymerized. By this means 
the reactive groups in the copolymer 
chain can be used to confer many proper- 
ties on the original resin. 

Polystyrene lends itself to colouring 
very readily and the monomer styrene, 
when polymerized with fluorindenes and 
other dyestuffs, gives very beautifully 
coloured masses. The addition of 0.5 per 
cent. anthracene’ gives a _ violet 
fluorescence which does not affect the 
transparency of the finished product.%® 

Polystyrene is used mainly for injection 
moulding and no discussion would be 
complete without some mention of it. 
An important point is that injection 
mouldings undergo a transformation at 
80-85 degrees C.31 At temperatures below 
this they are tougher than those produced 
above. This is probably tied up in some 
way with the branching. The tough 
resins produced at these low temperatures 
are used in refrigerators, because they 
maintain’ their toughness, and also 
because of their low water absorption, 
dimensional stability and freedom from 
colour and taste. 

Special precautions have to be taken in 
the injection moulding of polystyrene, as 
it is less flexible than most thermoplastics 


Table 2. 





Properties 


Injection mouldings Compression mouldings 





Tensile strength (Ib./sq. in.) .. 

Modulus of elasticity (Ib. /sq. in.) 

Izod impact (ft. Ib./in. notch) 

Flexural strength (Ib. /sq. in.) 

Water absorption 7 na 

Specific heat ., “ ae 

Dielectric strength (60 cycles) ée ‘ 
Power factor (60-50 x 106 cycles) .. sa 
Dielectric constant (60-50 x 106 cycles) .. 
Index of refraction a r ae 
Moulding temperature OF, |. 

Moulding pressure (Ib./sq. in.) 

Bulk factor Sh eit de 


7,000 
0.17-0.7 x 106 
6,000-19,000 


7,000 
0.4-0.55 x 106 
0.65-1.25 
17,500 


None 
0.32 gms. /calories/OC. 
510 volts/mil. 
0.0002-0.0003 


None 
0.32 gms. /calories/°C. 
510 volts/mil. 


2.55 
1.594 
300-500 
3,000-30,000 











These figures are not of course absol 





andr ble variations are to be expected. 
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and takes the details of the die very 
accurately. Dies without any trace of 
undercuts must be used, and they must 
have an excellent finish. Large gates and 
short runners yield mouldings with 
greater strength than those where long 
runners are used. High clamp pressures 
must be available, as it is advisable to use 
high ram pressures. It is worth noting 
also that gates and welds tend to be weak 
points in moulded polystyrene parts, and 
therefore these should be placed in such 
a position that they are not subjected to 
high stress. Table 2 compares some of 
the properties of injection-moulded and 
compression-moulded polystyrene. The 
differences caused by the two methods 
will be apparent. 
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Elastic and Creep Properties of Filamentous 
Materials and Other High Polymers 


By Herbert Leaderman, Sc.D. 


URING the past few years there have 

been many remarkable _ technical 
developments in the field of high polymers. 
These developments have consisted in the 
production of new materials; in the modifi- 
cation of existing materials; and in the 
finding of new applications for existing 
materials. The important role played by 
synthetic high polymeric materials in the 
war effort and elsewhere is due in a large 
measure to their valuable mechanical and 
electrical properties. In an effort to under- 
stand better the nature of these properties, 
and how they are related to the chemical 
constitution, much work has beén done on 
the physics of high polymers. 

The present work is concerned with a 
study of a phenomenon—delayed elasticity 
—which is observed in most high polymers, 
as well as in other materials. The second 
part of the book gives an account of 








experiments that have been carried out by 
the author at the Massachusetts Institute 
of Technology, under the auspices of the 
Textile Foundation, on the creep and creep 
recovery behaviour of rayon, nylon, and 
silk filaments. The experimental results 
are interpreted in terms of the structure of 
these materials, and conclusions are drawn 
concerning the mechanism of elastic and 
plastic deformation of textile filaments. 

The first part of the book deals with 
similar work that has been carried out with 
other high polymers, and contains:a critical 
discussion of relevant theories and of pre- 
vious experimental work on delayed elastic 
behaviour in other materials, such as glass. 
This book, in presenting some of the cur- 
rent concepts concerning the structure and 
mechanical behaviour of filaments should be 
of value to the textile industry. 

The book may be obtained from the 
Textile Foundation, National Bureau of 
Standards, Washington, 25, D.C., price 
$2.00 per copy, post paid. 
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PRODUCTION 
NEws 


I.P.I. (WESTERN SECTION). The 
summer meeting of the Western Section of 
the Institute of the Plastics Industry took 
place in Stroud on July 21, and consisted in 
a joint visit to the works of T. H. and J. 
Danie!s, Ltd., and Erinoid, Ltd. 

A good time was had by one and all, not 
only because of the lunch held at Amberley 
Ridge Hotel, but also because it was pre- 
sided over by the amiable Mr. A. A. Heath, 
the chairman of the Section, who proposed 
the toast to the guests. Mr. Graesser 
Thomas, the new chairman of the British 
Plastics Federation, replied. 

The visitors, who were later shown round 
the works in small groups, included the fol- 
lowing:—F. A. Cook, chairman of I.P.I.; 
C. S. Dingley, vice-chairman; H. V. Potter, 
who gave the address at the inaugurai meet- 
ing of the Western Section a few months 
ago; H. H. Lusty, chairman of the London 
Section; A. H. Wilson, chairman of the 
Midlands Section; and ‘Dr. H. Barron, 
chairman of the Southern Section. 


THOMAS DE LA RUE AND CO.—In his 
statement at the 47th Ordinary General 
Meeting, the chairman, Mr. B, C. Westall, 
included a generous tribute to the work of 
De La Rue Plastics, Ltd., to the energetic 
drive of its managing director, Mr. H. P. 
Bridge and commented on the high level cf 
plastics production. He also made the fol- 
lowing significant remarks which will be 
welcomed by scientists throughout the 
country:—‘‘ The policy of enlarging the 
Research and Development Departments has 
been continued. During the war our activi- 
ties have been restricted to finding new 
applications of plastics to war purposes. 
Even more could have been done had we 
been able to obtain sufficient technical staff 
with the necessary qualifications for carrying 
out research. It is to be hoped that the 
Government will bear in mind the desir- 
ability of making available for industrial 
concerns at the earliest moment possible 
experts in chemistry and engineering, so that 
the groundwork for industrial expansion may 
be prepared in good time. In a compara- 
tively new industry such as plastics research 
and development are even more important 
than in the case of the older-established 
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industries. In our own case the Board of 
De La Rue Plastics has projects in view 
which await the engagement of technicians.’’ 


HOOVER, LTD.—Two very interesting 
events were celebrated at the Hoover fac- 
tory, Perivale, on July 14—the incorporation 
of Hoover, Ltd., 25 years ago, and the com- 
pletion of 25 years’ service with the company 
by Mr. C. B, Colston, chairman and’ joint 
managing director. To mark the occasion, 
the members of the organization presented 
Mr. Colston with an oil painting of his home, 
‘‘ The Danes,’’ at Penn, Buckinghamshire, 
by Mr. Charles Cundall, R.A. To most 
people, of course, the name of Hoover is assu- 
ciated with electric cleaners, but during the 
war their manufacture has ceased and the 
whole resources of the company have been 
concentrated on war work. 


PRODUCTION BULLETIN.—The July, 
1944, issue of this valuable bulletin pub- 
lished by the Ministry of Labour and the 
Ministry of Production contains some 
valuable articles on ‘‘ Assembling Precision 
Units on a Stop-and-go Conveyor System,’’ 
‘‘ Ventilating a Drop Forging Shop,’’ 
“* Records of Absenteeism ’’ and the repro- 
duction of an excellent lecture by Dr. 
W. G. Hiscock, of the Ministry of Supply, 
on ‘‘ Maintenance of  Discipline—the 
Modern Approach.’’ Finally, for those 
who can sympathize in a practical way with 
those working under physical handicaps, 
there is an illustrated note on ‘‘ Deaf 
Workers in Industry.’’ 


Testing Plastics with Infra Red Rays 


If plates of Mipolam (polyvinyl chloride) 
are examined by transmitted light of 
various wave lengths, it is found that ultra 
violet light as well as ultra soft X-rays are 
almost completely absorbed, whilst infra red 
illumination shows up many structural 
details and can thus be used to examine 
welds in this material. It appears likely 
that this new method will prove of value 
not -only in routine testing but also in 
general research on plastic materials.— 
(F. Steuber, ‘‘ Schiff und Werft,’’ Vol. 
45/25, Nos. 5/6, March, 1944, p. 68.) 
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Planned Mould Maintenance 
Service Aids Economical Production 


Part III 


(Continued from p. 344, July issue) 


Considering some simple and useful 

mould design and constructional 

features which promote increased 

accuracy, prolonged wear, and corre- 

spondingly reduced maintenance over- 
sight or repair activities 


A Semi-positive Compression Mould 
- Fig. 3 is shown a full sectioned view 

of a semi-positive type of compression 
mould, which may be regarded as a 
representative specimen of this kind of 
tool. It will be noted this design incor- 
porates a number of core members for 
forming holes in the central web of the 
moulded article. 

Several very important objections 
appertain to this design and construction 
from a maintenance angle, which, whilst 
undoubtedly of an inexpensive kind, and 
one easily produced as far as initial outlay 
is concerned, may give rise to a consider- 


By W. M. HALLIDAY 


able amount of maintenance attention to 
retain it in smooth and sound working 
condition. 

Dowels. — The first unsatisfactory 
feature to be noticed is that of the method 
of dowelling and the type employed. 
The dowels (C) shown are very commonly 
employed for securing alignment of the 
top and bottom die blocks. The portion 
of dowel secured in the web of the top 
die block is reduced in diameter co as 
to form a small step. It is made a 
drive-in fit and then its top end is riveted 
over to fit the small countersunk recess 
in top die block. 

The disadvantages chiefly to be 
observed are as’ follow:— 

(1) Unless the reduced portion fitting 
in top die block is made a very tight fit 
there will be danger of pulling out as 
the peened over end will be insufficient 
to withstand great dragging pressures. 

(2) By reducing the shank portion of 
the dowel it is correspondingly weakened. 


CORE A FOR CENTRAL HOLE 


TOP DIE BLOCK 
MOULDING 
CORE B 


Fig. 3.—Semi-positive 
type of compression 
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(3) The reduction in diameter is so 
small that a substantial or adequate step 
portion cannot be secured against which 
the dowel may be squared up when 
riveting occurs. 

In actual service it will be found that 
the constant frictional contact of dowel 
within bottom die block will in time tend 
to loosen the riveted head, thus allowing 
dowel to work loose and all aligning 
facilities to be lost. 


Core Pin Construction 

The second undesirable feature to be 
considered is that of the three core pin 
members attached to the top die block 
as shown at A and B. 

These three cores are so arranged that 
their end faces are brought to bear 
against the top surface of the ejector rod. 
From this it will be gathered that the 
three holes have to be cored clean through 
the central web of the moulding. This 
is likely to lead to several troubles, chief 
of which are the following:— 

If the ejector rod is not positioned 


accurately so as to bear against core pins 
as a result, say, of dirt between lower 
edge of bottom die block and press platen, 
or because of a slight misalignment of 


platen itself, a slight gap will be left 
between the ends of core pins and ejector 
trod, which, of course, will be filled with 
a fin of material in the finished moulding. 

Secondly, if the ejector rod is inadver- 
tently raised and held in too high a 
position damage may be done to the ends 
of core pins, especially those of relatively 
small diameter. Such damage may con- 
sist of deflected or bent pins, bruised 
heads, or their displacement in top die 
block. In addition a faulty moulding will 
also result. 

Thirdly, the only provision for securing 
these core members into place in top die 
block is by the degree of tightness of their 
fit in socket holes. The degree of tight- 
ness may be subject to some variation 
under the influence of contraction and 
expansion ‘arising from varying mould 
temperatures. Thus if the mould is 
allowed to reach too high a temperature 
the die block may expand slightly more 
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than the core, allowing the latter part 
to loosen. 

Fourthly, no provision is made for 
adjustment of the core pin _ setting. 
Should circumstances arise which require 
that the core pins be depressed or 
advanced a small amount, this may prove 
a difficult operation, because the pins will 
have to be removed and a small amount 
of material taken off their rear end faces 
to ensure the appropriate amount of 
alteration. Removal of the pins for such 
an adaptation will almost surely mean 
that they cannot be driven back again 
with the same tightness. Again, “it is 
rather a cut and try method since the 
maintenance engineer has no means of 
determining the amount the core pin will 
alter as a result of the removal of a 
specified thickness of material. 

Fifthly, another important consideration 
to be borne in mind, as likely to cause 
trouble, is that if for some reason or other 
the core pins are disturbed in their setting 
by a slight withdrawal from top block, this 
will mean that the sealing faces of the two 
blocks shown at the indicated flash line 
will be held slightly apart. In such cir- 
cumstances extra flash at this point will 
result. In addition, and this more serious 
for the maintenance man, the bulk of the 
pressure imposed on the mould will 
become concentrated upon the core mem- 
bers and not entirely on the sealing lands. 
Such pressure may cause serious damage 
to the cores if they are prevented from 
being pushed back again. 

Ejector Rod.—-In connection with this 
essential mould member, all the operating 
and constructional disadvantages noted in 
the case of the ejector in the design in 
Fig. 1 relate also to this present instance. 

A considerably improved design form 
is illustrated in Fig. 4, and here again the 
various features are dealt with in identical 
order, as in the case of design shown in 
Fig. 3. , 

Dowels.—Still another form of dowel is 
shown at C and D in Fig. 4, this type 
being much superior to that used in Fig. 3. 
As will be appreciated, they consist of a 
shouldered dowel riveted into position to 
the web of top die block. The shoulder 
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Fig.4.—Improved 
design on mould 
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should be of ample proportions as regards 
diameter and thickness relative to the 
shank diameter of dowel. Thus the out- 
side diameter of shoulder should be not 
less than twice that of dowel shank, whilst 
in thickness it should be not less than one- 
third shank diameter. The top die block 
web is counterbored on its underside 
around hole to house this shoulder. The 
diameter of hole in top block is the same 
as that in bottom block, which factor 
makes for easier drilling. The shoulder 
portion affords ample abutment for ensur- 
ing that the dowel is held square when 
being riveted. 

Instead of a semi-spherical lead a slow 
tapered one is provided. 


Cores 


Several desirable and useful modifica- 
tions are shown in respect of the three 
cores A and B. 

First, instead of each of these being 
arranged so as to bear down upon the top 
face of the ejector rod, as shown in Fig. 8, 
this latter member is drilled appropriately 
so that each of the cores may be extended 
in amount projecting from top die block 
sufficient to allow them to be passed into 
the said holes in rod. Each hole in the 
ejector rod is provided with a hardened 
and ground steel sleeve driven tightly into 
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position, so that its top end face is brought 
dead in line with the end of ejector rod, 
which portion normally forms the inner 
recess of the moulded article. 

Each of the hardened sleeves, it 
will be noted, bears against a small step 
formed by the slightly smaller-size hole, 
which continues for the remainder of the 
length of the ejector rod. This ensures 
against the sleeves being forced within the 
ejector rod as a result of working condi- 
tions or compression forces, so leaving a 
gap at top end, which would be filled with 
material in the shape of a raised boss on 
the bottom inside surface of the finished 
moulding. 

These sleeves will be easily replaceable 
when worn, they being removed simply 
by forcing out by means of a small punch 
inserted into bottom end of holes up ejec- 
tor rod. 

It would be possible to omit the use of 
such sleeves by passing the cores directly 
into plain holes in the ejector rod, but the 
little extra time and money needed would 
be well repaid if sleeves are introduced, 
as the task of correcting wear can then be 
accomplished with greater ease and a 
minimum of trouble. 

As will be understood where sleeves are 
not used, any wear calling for correction 
might involve costly operations, such as 
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the softening of the ejector rod, redrilling 
the holes to a larger diameter, and the fit- 
ment of sleeves to restore them to original 
size. Great care would have to be taken 
during such machining operations lest the 
act of opening out the worn holes leads 
to a departure-from the correct hole centre, 
in which event difficulty would subse- 
quently be experienced in aligning up the 
core pin with the bottom die block and 
ejector rod therein. 

Secondly, each core pin (B) at the side 
of moulded article is provided with an 
enlarged head portion, which is housed 
with a suitably counterbored recess in top 
edge of top die block. The extreme top 
portion of this recess is threaded to receive 
a small checking screw, which is used so 
as to bear down upon the head of core 
pin, thus preventing the latter from being 
moved backwards out of die block. 

By this simple provision a very secure 
locking of each core pin is obtained, whilst 
should adjustments be necessary the core 
pins may readily be withdrawn by the 
removal of the check screw. Slight 
amounts may then be removed from the 
underside of the core-pin head, if it is 
wished to secure additional projection of 
pin through die block, whilst thin shim- 
stock washers may be inserted underneath 
the head and between the bottom of recess 
in block if the pin has to be moved farther 
within the die block for any reason. 

In the case of the larger central core pin 
(A), positive locking means and easy 
adjustment provisions are also arranged. 
It will be noticed that the plain shank of 
this core normally bearing in top die block 
is made of two diameters, and the hole in 
block similarly formed. The extreme end 
portion of the smallest diameter shank of 
core is externally threaded to take the steel 
lock-nut as shown. This nut passes 
down into a counterbored portion of hole 

in block. This recess is deep enough to 
allow the lock-nut to pass completely 
below the level of top face of block, as 
indicated, and large enough to admit 
easily a tube-type wrench, by which 
means the nut may be secured. 

Thus a powerful locking pressure can 
be secured, whilst adjustments for length 
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of projection can be made by removing 
material or inserting packing shims in the 
manner described in reference to cores B. 


Ejector Rod 

Since the core pins are extended to 
pass into the end of this rod it will be 
essential that this latter component be 
prevented from independent rotation 
relative to bottom tool, otherwise there 
would be a risk of the three holes getting 
somewhat out of correct alignment with 
the cores, which would resuit in these 
latter being fouled and badly damaged 
when the mould blocks were brought into 
the closed position. 

A simple yet almost foolpzoof mettend 
is here illustrated whereby such dangers 
may be avoided. The rod it will be seen 
is reduced in diameter at its lower end 
for a distance almost equal to the thick- 
ness of the bottom plate. This concentric 
cylindrical shank is made a sliding fit 
within the ground bore of the bottom 
plate. 

Rotation of this rod is prevented by 
means of the two feather keys which are 
fitted into shank of rod diametrically 
opposite. The rod and its keys should 
then be a smooth sliding fit in bottom 
plate. his keying and fitting operation 
should preferably be performed before 
the guide. holes in top of ejector rod are 
transferred from the top die block. If this 
operation is deferred until rod is keyed 
satisfactorily the holes can be machined 
at the correct spacing and location with- 
out trouble. 

In order to prevent the ejector rod from 
being inserted the wrong way round one 
feather key should be made slightly wider 
than the other, thereby limiting admission 
of rod to bottom plate to one way only. 

The bottom plate, incidentally, is 
secured to the bottom die block by means 
of socket-head cap screws, and two plain 
dowels driven tightly into position. The 
bottom plate and lower die block are 
thus secured together positively and act 
as a single unit during operation. 

By this construction it will be appre- 
ciated that the ejector rod is afforded 
ample and positive checking means by 

the step in its diameter, and that of the 
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hole against which it can be positioned 
at each assembly. The only trouble likely 
to arise in this connection is the accumu- 
lation of surplus plastic material, oil, or 
other extraneous matter on the seat por- 
tion, which, of course, would have to be 
closely watched by the operator. 

Some wear will occur in respect of the 
feather keys, but their checking and 
renewal when occasion demands will be 
a straightforward operation and need 
necessitate no long withdrawal of the 
mould from production service. 

Whilst the design here illustrated and 
described is again one of the simple 
portable type of flash mould embracing 
cores, the constructional features sug- 
gested above, as illustrated in Fig. 4, 
will be equally appreciable in the case 
of fixed moulds containing core members 
and the like. 


Lubrication of Mould Members 


So far no mention has been made of 
the important matter of lubrication, 
chiefly because the mould designs and 
constructions dealt with have been 


extremely simple, having few moving 


members, and moreover being of the 
portable type. Usually these latter kind 
of tools receive a clean-up and applica- 
tion of lubricant on essential parts aftez 
each compression stroke has been made 
and the finished moulding removed. 

But in the case of fixed moulds, which 
are attached to the press platens for the 
whole of the production run, opportunities 
for cleaning and applying fresh supplies 
of lubricant to needed parts are often 
somewhat restricted. Hence provision 
must be made in the construction itself for 
ensuring that adequate access is afforded 
for lubricants. Means should preferably 
be provided, too, for the careful retention 
of such lubricants for reasonably long 
periods. 

Such requirements often involve the 
mould designer and manufacturer in some 
troubles, but a little thought will be well 
expended as such provisions very materi- 
ally affect the working condition, dura- 
bility, degree of wear, and general smooth 
operation of the mould. Serious seizures 
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and fractures are often prevented by 
judicious use of lubricants ; therefore, fron: 
the point of view of maintenance, such 
matters should receive attention in the 
design stages, and constant check-up by 
the inspecting maintenance engineer to 
ensure that all essential parts of the 
mould are being properly fed. 


A Semi-positive Fixed Mould 


The next two illustrations in Figs. 5 
and 6 are of a typical three-impression 
semi-positive fixed-type compression 
mould. This is rather more involved in 
design and construction than previous 
examples, and contains a number of 
interesting features of some importance 
to the maintenance engineer. 

Devoting attention first to the sectioned 
assembled view shown in Fig. 5, which 
illustrates the various undesirable fea- 
tures, it will be specially noted that the 
upper portion of each cavity is contained 
in a separate die block. The three top 
die blocks are fitted into the top plate 
in such a manner as leaves much to be 
desired. The two end blocks are sup- 
ported by the top plate only back and one 
side, the outer side in each case being 
finished off flush with side wall of central- 
extension of top plate, and in direct con- 
tact with the sides of the recess in bottom 
die block as shown. 

This will allow a considerable rubbing 
and dragging pressure to be directly 
imposed upon the side of each die block 
every time the mould is opened or closed. 
In time such action may cause wear of 
the die block, or a disturbance in its posi- 
tion relative to the top plate. Should 
this occur there would be some risk of 
a seizure or awkward jamming of top 
tool on the succeeding closing of the 
mould members. 

Such movement would also result in 
throwing the top half of cavity out of 
correct vertical line with the bottom 
portion contained in the bottom block. 

The question of effectively remedying 
wear which occurs on the sides of the two 
end die blocks will also present some 
difficulty to the maintenance engineer. 
The inserted blocks would have to be 
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removed and replaced with a new piece 
altogether, or the old block may be built 
up in some manner on its worn side. 


Fixing Screws for Die Blocks 


Then again, the method of locating the 
fixing screws in the three top die block 
inserts and the top plate leave much to 
be desired. Unless considerable care is 
used by the operator trouble will arise in 
several directions. 

Ordinary type cheese-head screws are 
employed, as will be seen, these being 
screwed into tapped holes in the top plate 
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and thus located in the three die blocks 
with their heads passed into counterbored 
recesses on the flash line. These recesses 
cannot be machined with such accuracy 
as to effect a complete seal both circum- 
ferentially and on top of the head. And 
as the recesses are situated near the edge 
of the cavity, unless caution is exercised 
a fiash-over of surplus material may 
occur, this running over into any spaces 
or tiny gaps left around screw heads. 
Should such excess material build up 
in such situations considerable trouble 
may be experienced by an operator in 
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removing them without either inflicting 
some injury to the sharp edges of the 
mould cavities, or else removing the 
mould blocks from press in order to gain 
better access. 

Unremoved build-up at such points 


would render full closure of the mould - 


increasingly difficult, with the result that 
the condition would tend to be aggravated 
and would be distinguished by additional 
flash on the moulded article, and 
increased harshness and resistance when 
closing or opening the mould. 

Furthermore, since it is difficult to 
secure a very powerful lock on such 
screws, by reason of the necessity to use 
an ordinary screwdriver, the constant 
repetition of mould opening and closing 
and the resultant jar would tend to loosen 
the holding screws. Or again, heat varia- 
tions of the mould would cause some 
stretch of the screws, in either case the 
result being a loosened die block. 


Ejection Sleeves and Stripper Bar 


The moulded knobs shown are provided 
with a moulded-in hole extending a short 
distance up the centre of their plain 
shanks. This hole in each case is formed 
by a core pin. Ejection of the finished 
knobs is accomplished by means of sleeves 
carried over the core pins and attached 
to a_ sliding stripper bar or plate, as 
shown. This, incidentally, is a very 
common method of ejection incorporated 
in a wide variety of mould designs. The 
construction here illustrated, however, 
will be characterized by several operating 
and maintenance snags worthy of closer 
attention. 

First, the outside diameter of the 
front (upper) end of these sleeves is in 
each case smaller than that of the plain 
shank of the finished moulded knob. 
This will mean that on each part moulded 
a circular ring will be formed around its 
end coinciding with the outside diameter 
of the sleeve. 

Secondly, the sleeves are affixed to the 
stripper bar by means of a reduction in 
their outside diameter at one end, this 
portion then being a tight press-in fit 
within the holes in bar. Each sleeve is 
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further assisted towards safe retention in 
place by the small grub screw locked 
down on to a dimple machined in the 
side wall of each sleeve as shown. 

This is a most insecure method of 
fastening, even though the fit between 
sleeve and hole in bar is extremely tight. 
It must be remembered that very con- 
siderable drag may be imposed on the 
sleeves during their operation, which 
might be great enough to cause a shearing 
of the pointed end of the grub screws 
and a pull out or shifting of the position 
of the sleeve in the bar. 

Regarding the design of the stripper 
bar, here again some troubles are likely 
to develop; a little consideration will 
reveal this to be of a type very unlikely 
to result in smooth working, accuracy, 
or prolonged absence of wear. 

It will be at once observed that the only 
means for guiding and aligning this 
stripper bar along a correct path during 
its stroke is that furnished by the ejection 
sleeves themselves. One has only to 
envisage one or other of the twin press- 
ejector rods bearing on the stripper bar 
slightly ahead of its companion to foresee 
that the stripper bar will be immediately 
skewed round until contact is made at its 
other end with the second rod. 

Such a twisting movement, of course, 
will be immediately transmitted to the 
three ejecting sleeves, and from them to 
the three core pins housed within. The 
result of such twist, be it ever so slight, 
will tend to tighten up the movement of 
sleeves with their guide holes in bottom 
die_ block, as well as imposing greatly 
increased frictional resistance upon the 
core pins within, all of which will com- 
bine to render free working extremely 
doubtful. 

Unequal pressure on press ejector rods, 
or a misalignment of the mould between 
press platens, may also produce side 
twisting of the stripper bar and similar 
results as already mentioned. 

Should such a feature arise in fairly 
acute form the sleeves may be perma- 
nently distorted, whilst the core pins may 
be completely fractured at the juncture of 
their slightly larger shank portion fixed 
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into the bottom plate. These troubles 
could involve considerable time and 
labour on the part of the maintenance 
engineer. 

Yet another undesirable feature worthy 
of careful notice concerns the method 
employed for returning the stripper bar 
and ejection sleeves when the moulded 
knobs have been ejected from core pins 
and cavities. This return movement is 
obtained by means of a pair of. stiff com- 
pression springs interposed in suitable 
shallow recesses between the top face of 
the stripper bar and the upper face of the 
cutaway slot in the bottom die block. 

From the writer's own experience, 
springs are unreliable and hence are not 
recommended except in those construc- 
tions where it is impossible to install a 
purely mechanical arrangement for secur- 
ing stripper bar return. Springs are 
unreliable, non-positive, are liable to 
fatigue and loss of strength due to con- 
tinued flexing, or under variations of heat 
such as are found in plastic moulds. More 
trouble may be caused by a spring which 
is gradually fatiguing and losing its 
strength than by one which fractures or 
collapses suddenly and brings the mould 
to a standstill. In the former case, each 
time the stripper bar requires returning to 
the open position the sound spring will 
exert more pressure on the bar than its 
opposite number, with the result that the 
bar will tend to follow a crooked line of 
travel, which, of course, will lead to its 
bindirfg and perhaps seizing up alto- 
gether. 

In this present instance the springs are 
located immediately in front of each press 
ejector rod as shown. 


Core Pins 


The method of fixing the core pins is 
not altogether satisfactory. These pins, 
it will be seen, are passed through a plain 


parallel hole in each ejection sleeve, 
within which they are made a free sliding 
fit. Their lower end portion is enlarged 
in diameter for a short distance and 
passes into suitable holes provided in the 
fixed bottom plate, which, in turn, is 
secured to the bottom edge of the lower 
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die biock. Reliance is made for their 
secure retention therein upon the tight- 
ness of the fit, aided by a small cross pin 
driven into a cross-drilled hole passing 
half-way through core pin and half 
through bottom plate. 

Should the ejection sleeves bind, or 
become very stiff in their passage over the 
core pins, there is a danger that the small 
cross pin in the bottom plate may be 
sheared off and the core drawn along with 
the moving sleeve. 

The repeated backwards and forwards 
travel of the sleeves over the core pins 
may produce a slackening of the latter, 
which would incur a loss of correct end- 
wise location of the projecting end of the 
core pin within the cavity, and a varia- 
tion in hole depth ultimately formed in 
the moulding. 

The illustration shown in Fig. 6 
indicates simple ways in which the fore- 
going disadvantageous features may be 
overcome without incurring greatly addi- 
tional mould cost or complexity. The 
increased mould life and more reliable 
and trouble-free operation will outweigh 
the little initial extra cost needed to effect 
such modifications of design. 

As previously, the various features will 
be treated in the same order as in the case 
of the mould shown in Fig. 5. 


The Top Die Blocks 


These three die blocks are each let into 
the bottom face of the top plate in such a 
manner that each block is surrounded 
back and both sides with a wall of metal 
of the top plate. This ensures that no 
side of the die blocks is exposed to direct 
frictional contact with the sides of the 
cavity recess in the bottom block; thus 
wear is eliminated, as is also all danger 
of such rubbing action causing a loosen- 
ing of the blocks. 

It is appreciated that the task of 
machining the top plate in this fashion so 
that ‘the die blocks are each inserted in a 
pocket may incur some additional machin- 
ing expense, but the working advantages 
derived will much more than offset this. 

The wear will fall upon the side walls of 
the top plate, and, if requiring correction, 
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it can much more easily be accomplished 
than in the previous design. A little 
material would probably be removed 
from each worn side and strips of hard- 
ened steel secured thereto to bring the 
plate extension back to its original shape 
and overall width to suit the cavity 
recess. 

The top plate is also dowelled, as 
shown, into the bottom die block, which 
feature will still further assist in 
reducing possible wear on the side walls 
of the top plate. 

Incidentally, another type of dowel in 
common use is here shown, as this form is 
a decided improvement over the straight 
type, having a riveted overhead. 

It comprises a plain cylindrical shank 
topped by an enlarged head suitably 
housed in a counterbored recess in the 
upper edge of the top plate. Hardened 
sleeves are inserted into the bottom die 
block as shown. Thus wear is easily cor- 
rected either by replacement of worn 
sleeves, or by a new dowel, or both. 


Fixing Screws for Die Blocks 


Here again use is made of the toughened 
steel socket head cap screw, but these are 
located in reverse direction to that shown 
in Fig. 5. Blind tapped holes are 
machined in the back of each die block, 
and the screws are passed in from the 
uppermost edge of top plate. The holes 
in this latter member are counterbored to 
suit the screw heads, allowing them to 
pass well below the surface, as indicated. 
The remaining portion of the counterbored 
hole is then tapped to receive the check 
screws, which latter bear down upon the 
screw heads. This is a safety measure 
largely, and ensures that the screw cannot 
jar loose as a result of vibration. 

The writer has found it a good plan to 
afford such screw fastenings a check up 
every few weeks, to ascertain the degree 
of leck still possessed. The maintenance 
engineer should first remove” the upper 
check screw, and then test by key wrench 
whether the main holding screw has 
slackened at all. When these have been 
finally adjusted the check screws should 
be retightened down on to heads of 
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screws underneath. This will maintain 
the top die blocks always in a firm and 
secure condition, as a result of which such 
troubles as increased flash, due to one 
block loosening and becoming pushed 
slightly forward by reason of lodging 
material on back or sides, will be avoided. 


Ejection Sleeves and Stripper Bar 


The design and construction of these 
members is modified considerably in thé 
following manner, in order to eliminate 
the forms of trouble in service. 

First of all, the outside diameter of the 
ejection sleeves is made the same as that 
of the shank portion of mould cavity, with 
the exception of a few thousandths reduc- 
tion to afford the sleeve free working clear- 
ance within the cavity when pushing off a 
finished part. 

A hardened steel guide bush is located 
tightly into the hole immediately behind the 
cavity in the bottom die block, as shown 
by heavy black shading. These sleeves, 
it will be observed, are provided with a 
shoulder at the upper end, which is let 
into a recess. The top edge of the bush 
coincides with the end of cavity. The 
sleeve within the bush is adjusted and set 
so that when occupying the open position 
shown herewith its front endface is 
exactly in line with the top of hardened 
bush. 

At its other end each ejection sleeve has 
another enlarged cylindrical shoulder, 
which can pass easily into a recess formed 
around top edge of hole in stripper bar. 
The remaining plain portion of sleeve is 
then made a drive fit within the bar, and 
a short, reduced threaded stalk on extreme 
end of sleeve allows a lock-nut to be 
screwed home into another recess on oppo- 
site side of stripper bar. By this means 
the ejection sleeve can be very powerfully 
locked to the bar, without fear of throw- 
ing same out of square when locked up. 

The other advantages of this construc- 
tion are: that the finished moulding will 
not have a circular mark around its end- 
face, as in the preceding instance ; the holes 
of bushes in bottom die block will be the 
ones likely to wear, or else the ends of 
ejector sleeves, which need not cause 
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trouble as these are easily replaceable, 
which operation, when it arises, need not 
involve extensive work or protracted 
labour requirements. 

The stripper bar is made much thicker 
in cross section, as shown, and is provided 
also with two ample dowels. These dowels 
extend from the bottom plate, through the 
stripper bar and well into the body of the 
bottom die bleck. To prevent them mov- 
ing endwise the portion fitted into the 
bottom plate is of a reduced diameter, thus 
leaving a step which should be slightly 
clear of the inner face of bottom plate 
when latter is clamped up. The dowel 
thus cannot move outwards. 

In the stripper bar the two dowel holes 
are provided with hardened steel sleeves, 
which, of course, are easily renewable as 
demanded by circumstances. 

These dowels will constrain the stripper 
bar to follow a correct and true path 
during each movement it makes, regard- 
less of the stripping sleeves. They also 
serve for positioning the bottom plate 
correctly to bottom die block, hence no 
further locators are required. 


Core Pins 


Several alterations are to be noted in 
respect of these important mould mem- 
bers. In order to secure better retention 
and to obviate any tendency for the core 
pin to be pulled forward into mould cavity 
by the action of the ejection sleeves, each 
pin is provided with an enlarged head 
portion fitting into a convenient recess in 
bottom plate, as shown. The enlarged 
shank is also a very tight fit within the 
hole in this plate. 

The drawing also shows each pin on its 
long, plain shank portion, reduced slightly 
in outside diameter for a good proportion 
of its length. This will make for easier 
sliding action within the ejector sleeve, 
with less risk of binding, wearing or seiz- 
ing, as less surface will be in contact, and 
the small clearance afforded by the 
reduced shank portion will act as a reser- 
voir for grease or other lubricant. 

Another advantage resulting from this 
feature is that should the stripper bar and 
attached ejection sleeves become slightly 
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warped, or guided on a non-true path from 
some cause, this trouble, if of small dimen- 
sions, will not be conveyed to the core pins 
in any harmful degree. 


Bottom Plate 

Finally, it will be observed that the sur- 
face of the bottom plate adjacent to the 
lower edge of bottom die block is cut away 
on certain portions, so as to leave a three- 
point contact only for the stripper bar. If 
this bar contacts full length with the 
bottom plate, adhering material, dirt, 
particles of grease or lubricant accumula- 
tions may collect behind the stripper bar, 
and will become trapped thereon, thus 
restricting its complete return. Should 
this occur the end of ejection sleeves 
would project slightly into mould cavity, 
which would cause a knob to be made too 
short on its shank portion. 

By cutting away considerable amounts 
of the surface material on the upper side 
of the bottom plate, clearance space is 
provided for loose material and foreign 
objects. 


Conclusion 

Only a few of the many typical mould 
constructions have, of course, been dealt 
with, but it is hoped that these analyses 
and suggested improvements will have 
served to point out general lines upon 
which the designer, mould engineer and 
toolmaker maintenance man can co-oper- 
ate in ensuring mould designs capable of 
giving a high degree of accuracy, sub- 
stantial working life, smooth operation, 
prolonged absence of serious wear, greatly 
reduced maintenance service, better facili- 
ties for coping with the effects of wear, 
distortion’ and weakness, the fuller use of 
standard components, such as sleeves, 
dowels and the like. 

In a final section the author hopes to 
have an opportunity of presenting a num- 
ber of other mould designs and construc- 
tions as employed in the injection process, 
so as to indicate a number of commonly 
recurring undesirable features, which 
incur additional and often unnecessary 
maintenance attention. 
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The standard Spire Nut is only 


to one form, and the most elemen- 
tary form at that, of fixing by 
the Spire method. There are 
measure already over 300 special Spire 
designs each of which has been 
‘‘made to measure’’, for some 
particular job. In most of them 
no separate nut or washer is 
needed. The Spire fixing is part 
of the component itself. I€ is 
pretty safe to say that Spire can 
simplify most assembly jobs. 
Send us along any ordinary 
assembly-parts or drawings. 
We'll see if we can’t cut out 
some of the bits and pieces and 
reduce the operational time by 
designing a Spire assembly. No 
charge for this. If it works we'll 
get your order. If it doesn’t 
we'll tell you so and there’s no 
harm done. 
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THAT’S Fixed THAT! 


NP 1506 Aircraft manufacturers and coachwork 
builders employing stressed skin construction 
are saving time and money and material by the 
use of this simple Spire fixing. It serves to hold 
the tack bolts in position until riveting of skin 
sections has been completed. It is quicker touse 
than the usual square pressed nut and is easily 
removed for 
further use when 
its ‘holding job’ 
is done. 





* A BETTER way of fixing 


Simmonds Aerocessories Limited + Great West Road + London. A Company of the Simmonds Group 
4 
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The New Post-war Material 


The Wartime uses of JIXONITE cannot be told 
yet, but its post-war applications are already 
apparent. 


JIXONITE is a sandwich material consisting of 
a closed cellular expanded plastic core with ply- 
wood, plastic or light metal alloy skins. It is 
very light and strong, with low thermal and 
sound conductivity; non-water absorbent; 
vermin and bacteria proof, and non-warping. 
There are a hundred-and-one uses for JIXONITE, 
in flat sheets or in preformed curved panels; 
thicknesses from }$” upwards. For coach and 
vehicle bodies, deck houses, marine craft, 
caravans, lightweight furniture and showroom 
fixtures. Aijrcraft fuselages and components. 
Refrigerators and all kinds of insulating panels 
and partitions. JIXONITE can also be used for 
ventilating duct work that forms an_ integral 
pare of architectural design. Further details 
gladly sent on request. 





JIXONITE 





JICWOOD LTD., WEYBRIDGE, SURREY 
Telephone: Weybridge 3376. Telegrams: Jicwood, Weybridge 


—: Grosvenor Gardens House, Westminster, §.W.1 
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TENAPLAS LTD., 7 PARK LANE, LONDON, W.1! 





Tel.: Coventry 88771. 


— 


ka 


in MOULDS for 
MODERN PLASTICS 


Jigen Eigse. 


214/222, Cardigan Road, LEEDS, 
Telephone: LEEDS 52033 


Member of the Gauge and Toolmakers’ Association, 








YSON 


FOR BAKELITE 


Acetate and other Synthetic 
Mouldings. Modern Plant 
and Facilities 


APPLIANCE C27? 
WOOLFOLD, BURY, LANGS. 


Telephone : Bury 1560-1 Telegrams :“Bysonite, Bury.’ 
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LAMINATED 
SYNTHETIC 
RESIN 
IMPREGNATED 


Tensile Strength 
24,000 Ibs. 


per square inch, 


THE NEW INSULATION CO. LTD. 
GLOUCESTER ENGLAND 






























































Spotting OR 
Searching! 


Instant spotting of any folder is assured with 
Shannoblic Suspended File. Clear, adjustable 
angled tabs show up immediately. Filing is 
quicker and much moreccurate with Shanno- 
blic. Shannoblic fits your filing cabinets and 
most deep desk drawers, or a small unit is avail- 
able for desk top use. Send 1d. stamp for leaflet. 





THE SHANNON LIMITED 
IMPERIAL HOUSE, (Dept. D.4), 15-19, KINGSWAY, LONDON, W.C.2_ 


Aid at Birmingham, Bristol, Liverpool, Manchester, Newcastle, Glasgow (Agent) 








PLASTICS 


to the spec- 

iflc require- 

ments of our 
customers 


penne of Fg 
Betition pro- 


from 
thet bar inall 
metais 


M-C-Land REPETITION LTD. 
Pool Lane - Langley - Birmingham. 
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Pree RUCK £ TROLLEY 


CO.LTD 


NORTHUMBERLAND ST 


NEWCASTLE 
UPON TYNE. 





GEORGE COHEN, — .& CO., LTD. 
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REQUIRE TO PURCHASE 
good Surplus PLANT & MACHINERY—either single 
items or Complete Works. Please inform our nearest 
rea Office :— 

GLASGOW: Cogan Street, Pollokshaws; NEW- 
CASTLE-ON-TYNE: 12, Grey Street ; CHESTER : 
Cobden Street, Pendleton; SHEFFIELD: Coborn 
Works, Tinsley BIRMINGHAM : 191, Corporation 
Street ; BATH: Lower Bristol Road ; SWANSEA : Prince 
of Wales Dock; SOUTHAMPTON: Princes Street, 
Northam; REDRUTH: 25, Albany Road; 

or Chief Offices and Depot:— 
Southern: WOOD LANE, LONDON, W.12; Northern: 
STANNINGLEY, nr. LEEDS. 











WOOD FLOUR 
& 


SAWDUST 


IN ALL GRADES 


Commercial Structures Ltd., 
Staffa Works, Leyton, E.10 
Leytonstone 3678 














AGENCIES WANTED 
SOUTH AFRICA. Your POST-WAR EXPORT MARKET. 
KEENE & COMPANY (Principal: David Kay), Commonwealth 
Building, St. George’s Street, P.O. Box 2305, CAPE TOWN, 
SOUTH AFRICA, are desirous of making contact with British 
Manufacturers as FACTORY REPRESENTATIVES for South 
Africa and the Rhodesias. Highest references available and 
jon assured. P: 





Jatt 4. 





t; H , and Plastics par- 
invited. Further information from SAMSON 
K & ©O., LTD., 57-61, Mortimer Street, London, W.1, 
or write direct. 87/2874 


SITUATIONS VACANT 


SITUATIONS WANTED -——————— 


EX FIRE SERVICE OFFICER, age 42, with previous building 
trade experience, requires administrative, supervisory or 
representative position; vast experience interviewing senior 
executives. Resident Sussex. Box No. 3411, Say < | “af 

87/8 
REQUIRED, near Portsmouth area, management of plastics firm. 
Capital if required. Box No, 3248, c/o ‘‘ PLASTICS.’ 7/7 


WANTED 


PLASTIC INJECTION MOULDING MACHINE, new or second- 
hand, 4 to 8 oz. capacity, required urgently. Details and price 
to Box No. 3247, c/o ** PLASTICS.’ 87/6 





CHEMIST OR PHYSICIST, not above 26 years of age, i 
Ph.D. or equivalent degree, required for research work at factory 
engaged in manufactuie of rubber and plastics under Essential 
Work Order. Applicants must be British and possess good 
references. Please send full particulars to Box No. 3413, c/o 
“* PLASTICS.” 87/11 
CHIEF CHEMIST REQUIRED for plastics factory, London area. 
Good knowledge of organic chemistry. Must have had ex- 
perience of synthetic wescarl manufacture and processes, wen 
Salary £800/1200 per annw 
experience. Write, giving full details, ‘to Box 5233, FROST- 
SMITH ADVG, 64, *Finebury Pavement, E.C.2. 
DRAUGHTSMAN WANTED, with knowledge of Bakelite mould 
designing. Essential Government work. Write Box 487, c/o 
STREETS, 8, Serle Street, W.C.2. 
HEAD FOREMAN required = J grees factory, with 1 knowledge 
of wo! 








rks, 
London a area. Good salary be progressive position for suitable 
applicant. Write, giving full details, to Box 5247, FROST- 
SMITH-ADVG., 64, Finsbury Pavement, E.C.2, 
HEAD FOREMAN required for production of moulding powders, 
similar experience necessary. Factory Londonarea. Excellent 
post for man with suitable peccoed Haeey Write, giving full 
details, to Box 5249, FROST-SMITH ADVG., 64, Finsbury 
Pavement, E.C. 87/: 
PLASTICS. Experienced General Manager required. Thorough 
knowledge of plastic movldings of all descriptions. Control 
labour, production, costing, etc. Good prospects and very 
good salary paid to a really capable business man. Box No. 
8415 ¢/o “ PLASTICS.” 87115 
PROGRESSIVE MANUFACTURERS near London, desiring in- 
vestigate the suitability of their product in the plastics industry, 
are desirous to contact plastics technol it with own laboratory 
willing to act in an advisory capacity. eply in confidence to 

ay TICS.’ 87/9 


Box No. 3412, c/o‘ 
MANAGER REQUIRED for plastics engineering com- 


pany in Southern England. State full particulars in sa oY 
Box No. 3414, c/o ‘“‘ PLASTICS. 87/13 





MISCELLANEOUS 

ACETATE AND NITRATE OFF-CUTS and scrap sheets, also 
flakes, available for work of National Importance. LLOYDS, 
72, Bridge Street, Christchurch. 222/65 
CONSULT KAY’S upon plastic adhesive problems, Our research 
laboratories can help you. KAY BROTHERS sage Kay- 
pi Reddish, Stockport. 89/3173 

CTORY TIME RECORDERS. Service rental. Phone, 
vieene 4731. TIME RECORDER, SUPPLY & MAIN. 
TENANCE CO., 28, Mayfield Rd., Sutton, Surrey. zzz/41 
FOR SALE, Fraser Mono Radial Hydraulic Pumps, indepen- 
dent 2-stage type. HUBERT JONES LTD., Cobden Street, 
Pendleton, Salford, 6. 87/14 
FOR SALE, set of new tools to manufacture exclusive stream- 
lined plastics torch casing suitable for type U2 batteries. 
Purchase of tools will include registered design and if requested 
undertaking not to compete in manufacture of this type of 
torch. Ideal for post-war development. Bargain price. Write 
PLASTILITE PATENTS LIMITED, 25, London Road, Brom- 
ley, Kent, — 
FOR SALE, 2- and 4-¢ injecti ools, 
miniature scale model aircraft, new. ANDOVER. Plastics 
, Andover, Hants. 87/12 


LIPSTICK MOULD and Styptic Pencil Mould forsale. Suitable 
production post-war plastic articles. Box No. 3246, c/o 
** PLASTICS,” 87/1 
MONOMARK service. Permanent London address, Letters 

, 5/-p.a. Write BM/MONO76, W.C.1. 92/3171 
MO “rained embossing plates and rollers. J. MARTIN 
& SONS, LTD., Ardwick, Manchester, 12. 98/3170 
PULVERISING & GRINDING undertaken for the trade, advice 
given and research undertaken at our experimental stations. 
Three fully equipped factories. DOHM LTD., 167, Se 
Street, London, 8.W.1. 95/2885 
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Lasso Identification Tape will solve all 





your marking problems and save pounds in 
time and labour. Lasso provides neat filmic Orme 
markers which can be applied quickly and TERMINALS 
easily at any point without disconnecting 
the leads. No tools are needed to attach 
it, and it is durable and legible, impervious 
to heat and fluids. 




















Supplies of Lasso Tape are available only for high 
priority work owing to restrictions on raw materials. 
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“sil CABLE ASSEMBLIES LTD. (Subsidiary of Herts Pharmaceuticals Ltd.), 
BESSEMER ROAD, WELWYN GARDEN CITY. 


18/3170 
advice 
ations. 
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15/2885 
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No, not exactly. Although. when one realises the possibili- 
ties of this little tube it does not need a wide stretch of the imagination 
to call it that—a magic wand. «It is, in point of fact, a tube of Erinolam, 
the Erinoid’ laminated plastic product. You can saw it, turn it, drill it. 
It's light. It's hard and tough and of amazing tensile strength. Uses?... 
Well, aero-engineers have found a hundred uses for it. That is why it 
is not available at the moment for every-day applications. 

After the"war ... but that’s another story. In the meanwhile we-shall 
be pleased to give information and’ advice on any plastics problems 
and to tell you more about the full range of'Erinoid products. 


Eninoin | 


Parastics 


ERINOID LIMITED, LIGHTPILL MILLS, STROUD, GLOUCESTERSHIRE 








